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ABSTRACT
The single crystal X-ray structures of eight compounds have been 
determined representing the Inorganic, Organometal1ic ,  and Organic 
Natural Product classes of molecules.
Of the natural product compounds, two varieties of terpenes are 
represented; monoterpenes and sesquiterpenes. The monotera^ne,
3-tran s ,6-tran s-dihydroxymenthene (cio H18°2^* crysta llizes  in space 
group C2 with la t t ic e  constants a_= 17.837(4), = 7.113(7),
ĉ  = 8,096(2) A, p = 102.17(6)°. The structure is described by a 
disordered hydrogen bonding network extending in three dimensions 
throughout the crystal.
Irazunolide (C^HjgOg), based on the eudesmane structure, is a 
sesquiterpene lactone crys ta ll iz ing  in space group P2^2^2  ̂ with la t t ic e  
constants £  = 7.793(1), _b = 9.394(1), _c = 21.439(3) A . Lactone fusion
occurs at C6, C7 in a trans manner.
Melrosin-A (C ^ ^ s ^ io )*  one examples of a
biogentically correct c is , cis -  germacranolide is found in space group 
^ l ^ l ^ l  w’ t *1 constants _a_ = 11.993(7), _b = 3.138(4),
£  = 15.965(13) A .
The structures of two hydride bridged organometal l i e  compounds are 
reported. They are: [Et^N] [ (u1~H)(y2-PPh2 (CH2)4PPh2 ) Mo2 (C0)g] (1_)
and [Ph4P] C(u1-H)(u2-PPh2(CH2)PPh2)Mo2(CO)83 (2 ). The compound (1)
crysta llizes  in space group PI with the following la t t ic e  constants 
a_ = 8.760(2), _b = 13.940(4), c_ ■ 19.686(4) A , a = 105.75(2)°,
3 = 93.59(2)°, y = 97.38(2)°. For (2J the space group is P21/ c with
V .
la t t ic e  contants â  =1.886(6), _b = 18.545(9), _ĉ = 20.156(6) A ,
x
e = 91.03(4)°. The compounds contain doubly bridged molecular anions 
with the geometry of the metal-carbonyl framework determined primarily  
by the length the alkyl bridge.
Two complete inorganic structures,both tetracyanonickelates are 
reported. The compound CsgNitCN^ • H2O is found in the hexagonal 
space P6j or P65, with la t t ic e  constants a_= b̂  = 9.556(1),
£ =  19.290 A . The compound SrNi(CN)^ • 5 ^ 0  crysta llizes in the 
monoclinic space group C2/m with la t t ic e  constants a_ = 10.3582(5), 
b_ = 15.3218(8), c_ = 7.2597(14) A , g = 98.665(9)°. A structure of 
partia l resolution, NagNi(CN)^ • 3Hg0 is also reported, with refinement 
fa i l in g  to proceed below 19%. The problem with this structure is 
probably one of twinning as redefinition of the origin provided no 
improvement of the model. All of the structures display a psuedo- 
hexagonal arrangment of Ni(CN^)2- columns, packing in the crystal much 
l ike  rods. The structural dependence on cation size, state of 





Since the general procedures of the single crystal x-ray 
diffraction  experiment are similar for each sample, a discussion of 
these procedures is presented here. Specific data for each individual 
compound are tabulated in the appropriate sections, along with any 
discussion of unique experimental circumstances.
The process of crystal structure analysis begins with the selection 
and preparation of a suitable crysta lline  sample. Success of the entire  
experiment depends on the careful selection of a crystal that d iffracts  
x-rays well and is composed of a single crysta lline la t t ic e .  A good 
sample should be optically  clear with well defined crystal faces. Size 
lim itations sometimes demand that a sample be cleaved from a larger 
crysta l. Samples that appear cloudy are often found not to d if fra c t  
x-rays well because of poor c ry s ta ll in ity  resulting from a number of 
possible causes.
While i t  is desirable that the sample be composed of only one
la t t ic e ,  existence of that unique la t t ic e  can never be proven, only
inferred. A crystal that consists of more than one unique la t t ic e  is 
refferred to as a tw in .*  Twinned crystals can sometimes be identified  
with the aid of a polarizing microscope. I f ,  when placed between 
crossed polarizing f i l t e r s  the sample does not exhibit isotropic
extinction (of the l ig h t)  when subjected to rotations, the crystal is
twinned. The fact that a sample does possess isotropic extinction under 
the polarizing microscope indicates only that the sample probably is 
not a twin.
Having decided on a satisfactory sample, the crystal must be 
prepared and mounted. Crystal preparation involves making sure that the
3
crystal is free of debris and not too large. I t  is necessary that the
sample be completely bathed in the x-ray beam. The maximum tolerable  
dimension is therefore about 400 microns. Once a crystal of correct 
size is obtained, i t  is fastened with epo^y glue to the end of a glass
fib e r .  The crystal may be mounted in any orientation on the glass
fib e r .  The glass fiber is then fastened to a brass pin that is held by
a goniometer head, which is then attached to the diffractometer.
As data collection proceeds, the orientation of the crystal in 
space continually changes. While changes of sample orientation are 
necessary, the position of the center of mass of the crystal in the 
x-ray beam must remain fixed. The goniometer head allows for adjustment 
of the position of the crystal once on the diffractometer. Movable 
sledges permit translations in a plane normal to the glass f iber axis. 
Translations paralle l to the glass f iber axis are possible by means of a 
screw-type device located at the top of the goniometer head. Using 
these three translational adjustments i t  is possible to f ix  the center 
of mass independent of the sample orientation.
As photographic work is not routinely done, la t t ic e  constants must 
be determined with the diffractometer. Lattice constants are generated 
based on the diffractometer angle settings that locate reflections in 
space. A computer program supplied by the vendor searches for and 
indexes reflections randomly located in reciprocal space, thus 
generating a unit c e l l .  This preliminary unit cell is used as a basis 
to collect a short, rapidly scanned set of reflections with re la tive ly  
high 2o values. From this set of reflections, 25 are chosen for least 
squares refinement to generate a more precise set of la t t ic e  
constants. The basis of selection for these 25 reflections is that they
4
be of re la tive ly  high intensity and as evenly distributed throughout 
reciprocal space as possible. By choosing reflections with high 
26 values greater precision in the la t t ic e  constants and crystal 
orientation, over the preliminary unit c e l l ,  is achieved.
Before data collection can proceed, i t  is necessary that the 
crystal class (point group) of the sample be id en tif ied . The crystal 
class determines what data are unique and must be measured. The crystal 
system (suggested by the values of the la t t ic e  constants) id en tif ies  
possible point groups. Presence of rotational symmetry elements, easily 
identif ied  on photographs, must be checked on the diffractometer by 
scanning symmetry related reflections and comparing the observed 
in ten s it ies . By collecting quickly scanned sets of axial reflections  
(h 0 0; 0 k 0; 0 0 i  ) the possible presence of screw axes can be 
v erif ied . Since a much larger set of planar data (0 k z ; h 0 i  ; 
h k 0) are required to identify  glide planes, they are not dealt with 
until data collection has been completed and the fu l l  set of reflections  
can be considered.
I t  is also essential that the la t t ic e  type (prim itive , body- 
centered, e tc .)  be characterized. By analysis of the contents of the 
Niggli matrix^ generated by the cell indexing procedure, the la t t ic e  
type can be verif ied . This information is useful for data collection  
because those reflections that are absent due to la t t ic e  centering can 
be systematically omitted to save time. The la t t ic e  type must also be 
known i f  the space group is to be correctly id en tif ied .
The intensities of a ll reflections for each sample were measured on 
an Enraf-Nonius CAD4 computer automated diffractometer using the u>/2© 
scan technique.^ The diffractometer is equipped with a graphite crystal
5
monochromator set at 2.8° take-off angle. The scan speed {a©/At ) for  
each reflection is variable and is determined by data collection  
parameters^ preset by the operator. Based on information from the 25 
reflections used for cell indexing, decisions must be made concerning 
exactly how data are to be collected. As the scan speed is variable, 
the diffractometer does a rapid prescan of every reflection in order to 
determine i ts  approximate in tensity. The operator must decide on an 
acceptance level to determine i f  a reflection is to be considered 
observed or not. This is done by choosing a value for the ratio  of the 
signal-to-noise leve l. This ratio  can be represented by the prescan 
intensity of a reflection and its  standard deviation ( I / o ( I )) . I f
this ratio  is less than the value chosen by the operator, the reflection  
is considered unobserved and no slow scan is performed. I f  a reflection
is considered observed, the operator must also decided what ratio is
acceptable for the final scan. This information is necessary to 
calculate the amount of time to be spent on the final scan. I f  
I / a( I ) of the prescan is greater than that chosen by the operator for 
the final scan, no final scan is performed and the prescan intensity  
information is used. The maximum time spent on a reflection is 
determined by the operator.
The scan angle for the omega axis is calculated according to the
following function:^
w = DOMA + [DOMB X TAN(THETA)]
DQMA is a variable that depends on the mosaic spread of the crysta l.
DOMB is a constant determined by the type of radiation used, and THETA
6
is the theta angle of the reflection .
The scan rates for different reflections vary in an attempt to have 
the same number of counts observed for each re flection . Intense 
reflections are scanned much more quickly than are weaker ones. One 
half of the scan time for a given reflection is devoted to background 
determination. Since scans proceed from low to high values of 2© the 
total counts measured during the f i r s t  quarter of a scan is the low 
background (CL0) ,  and the last quarter the high background (CH I). The 
net number of counts of a reflection is then calculated according to the 
following equation:
CNET = CT0TAL " <CL0 + CHl)
Net counts are not immediately useful for structure calculations 
but must be converted to raw in tens it ies . Raw intensities are generated 
by dividing the net counts by the amount of time the scan required.
This essentially normalizes a ll  of the intensity data. Lorentz and 
polarization corrections5 are then applied to the raw intensity data to 
y ie ld  observed structure amplitudes (FQ| .  In those cases where
O
absorption^ was important, an empirical absorption correction was 
applied.^
For purposes of quality control, two or three "standard" 
reflections are periodically re-measured to check for possible crystal 
decay, crystal misorientation, or machine in s ta b i l i t ie s .  I f  the crystal 
has suffered decay, as evidenced by a s ign ificant, predetermined drop in 
the intensity of a standard re flection , or i f  the instrument has begun 
to behave e r ra t ic a l ly ,  data collection w ill cease. In the case of 
crystal movement, the diffractometer w ill  attempt to recenter the
7






Those compounds found to occur only in living systems,
without regard to origin (plant or animal), are generally
referred to as natural products. Man has known of such compounds
for thousands of years, as evidenced by the many historical
£
references to the "essential o i ls ."  Apart from the ir  chemical 
in teres t, a better understanding of these compounds w ill prove 
beneficial as some have demonstrated promising medical 
applications.^ I t  is therefore not surprising that many people 
today are studying new examples of these compounds as our 
quantitative a b i l i t ie s  for investigating their chemistries 
advance.
The compounds that w ill be discussed in this chapter belong 
to a very large body of molecules known as terpenes. This 
classification is based on the conceptual generation of terpenes 
from one or more isoprene units:
Different combinations of isoprene units can give rise to cyclic 
or acyclic terpenes; the compounds to be analyzed here are a ll  
cyclic . Subclasses of the terpenes are based on the number of 













This is not to imply that because a monoterpene, for example, is 
conceptually generated from 21soprene units, i t  may contain only 
ten carbon atoms. Terpenes are often highly substituted as a 
result of e s te r if ica t io n , lactonization, and various other 
reactions; but, the basic skeleton of the molecule must be 
described in terms of combined isoprene units. The crystal 
structures to be discussed here belong to two of these subclasses 
of terpenes, namely two sequiterpenes ( 2 t 2) ar,d a monoterpene 
( ,  shown on the following page.
The two sequiterpenes are further distinguished by the
inclusion of an a-methylene Y-lactone moiety; these compounds are
therefore known as sesquiterpene lactones. Sesquiterpene
lactones are known to occur mainly in the family Compositae but
also in other families (e .g . Magnoliacea) of the plant kingdom.
Because of the medical importance that some of these molecules
9
possess as possible anti-tumor agents, and the interesting  
structural features they display, any possible chance for 
crystallographic investigation of these molecular systems must be 
fu l ly  exploited.
11
The discussions that follow w ill be concerned only with the 
structural chemistry of the molecules as determined by X-ray 
crystallography. Details of the ir  reaction chemistries for 










Colorless, clear crystals of the compound Irazunolide, were 
kindly provided by Dr. N.H. Fischer for single crystal x-ray 
investigation. A fragment measuring 0.4 mm x 0.4 mm x 0.2 mm was 
cleaved from a larger crystal for purposes of data collection.
The sample was prepared and mounted in random orientation  
according to the procedures outlined in Chapter 1. The sample 
required no special techniques for handling.
Inspection of a quickly scanned preliminary set of 
diffraction  data revealed the following classes of reflections to 
be absent; h=2n+l (for hOO), k=2n+l (for OkO), l=2n+l (for 001). 
Knowledge of these systematic absences, together with the 
hypothesis that the crystal system is orthorhombic (as suggested 
by the la t t ic e  constants), uniquely identifies the space group to 
be P21 Z1 21 .
Intensity data were measured on the diffractometer using 
Mo- Kct radiation for reflections in the range 0°<2g<36O. Data 
were collected in the +h, +k, +1 octant with the (2 5 2) and the 
(4 2 6) reflections serving as intensity standard controls.
Raw intensity data were corrected for Lorentz and
5
polarization e ffec ts , and symmetry equivalent reflections were 
averaged to y ie ld  observed structure amplitudes using the 
computer program REDUCE.^ Of the 1004 unique reflections
13
collected 712 measured |FqJ> 2 a(Fq). These 712 reflections were 
subsequently used for structure refinement. Since the crystal 
was of rather uniform shape, and the molecule was suspected to 
contain no atoms heavier than oxygen, the data were not corrected 
for absorption effects. Crystal data are listed in Table 2.1.
Structure Solution and Refinement
Since the molecule Irazunolide contains no elements heavier 
than oxygen the Direct Methods* approach for structure solution 
was used. In particu lar, the computer program MULTAN80 was 
employed.
Normalized structure factors ( E ^  ) are generated in the
f i r s t  step of MULTAN80. S ta tis t ica l analysis of the magnitudes
13of the normalized structure factors provided a distribution  
characteristic of a noncentrosymmetric structure, giving further 
support to the assignment of space group P2j 2j 2^. A Wilson 
p lo t^  determined the in i t ia l  value of the thermal parameter 
B = 4.2448. The distribution of average values of according 
to parity groups ranged from 1.211 (o e o) to 0.824 (e o o).
The 238 largest E-values, ranging from 3.968 (1 2 0) to 1.302 (3 
4 6 ), were used as input for the phase determination process.
*A discussion of the general procedures of Direct Methods is 


























Table 2.1 Crystal Data for Irazunolide
15
Another 100 smallest E's were included for application of the 
psi-zero t e s t . 15
The 238 largest E-values gave rise to 5007 phase 
relationships of which 4846 were saved by the program (a decision 
based on available computer space). Application of the 
relationship ^  gave rise to two phase assignments of 360° with 
probabilities greater than 0.95. These reflections were the 
(6 4 0) and the (2 0 0) with probabilities of 0.985 and 0.982 
respectively. The equation17 generated 3348 useful phase 
relationships.
The space group P212j21 requires 3 reflections for origin  
d e fin it io n . These were chosen by the program to be:
h k. 1 PHI
1 2 0 90
4 0 15 90
0 1 19 90







The (3 0 6) reflection was chosen to define the enantiomorph with 
i ts  phase set to 360P (2 tt) -
Systematic permutation of the phases of the four
18reflections, and application of the tangent formula, gave rise
1 ?
to 28 phase sets. Combined figures of merit for the 28 phase 
sets ranged from 0.3234 to 2.7430. The E-map generated by the 
phase set with the highest combined figure of merit gave an 
almost complete image of the molecule with 21 of the 22 
non-hydrogen atoms accounted for. The remaining atom was 
subsequently located from a difference Fourier map.
The structure was refined using fu ll matrix, weighted least 
squares. Because of the limited number of data, only the 
exocyclic non-hydrogen atoms were allowed to refine 
anisotropically. All hydrogen atoms were placed in calculated 
positions and their isotropic temperature factors were refined. 
The final agreement factor (R) was 0.0451. Table 2.2 l is ts  the 
fina l calculated and observed structure amplitudes. Atomic 
positions and thermal parameters of the asymetric unit are listed  
in Table 2 .3 ;  Table 2.4 contains the relevant bond distances and 
angles.
17
I  K & « o r o t o r e 1 I 1029
1 0  0 941 9 * 4 1 * 53
0  0  0 •1 •  9 5 * 70
*  0 0 145 154 2 7 81
1 1 0 5 U 343 4 7 93
2  0 297 290 5 7 * *
•  1 0 317 3 2 * 0 9 1*1
5  0 1*1 1*2 1 « ■ 3
1 1 0 t o o 103 4  * * 3
0  1 0 3 *1 375 1 0 477
1 1 0 1 *01 1429 2 0 4 2 *
2  1 0 141 1J5 7 0 1 U
2  2  0 *1 59 0  1 323
*  2  0 142 1 3* 1 1 * 1 9
5  2 0 1*7 170 2 1 149
•  2 0 190 2 10 3 1 303
7 2 0 1*3 173 4 1 2 4 *
1 2  0 549 * 0 3 5 1 142
2 3 0 406 4 0 5 *  1 113
3 3  0 219 217 0 2 7 1 *
•  J O 90 9 * 1 2 932
•  3 0 * 6 * 2 2 2 3 30
•  3  0 112 123 3 2 • 1
0 0 0 237 2 * * 4  2 30
2 4  0 • 3 • 2 5 2 117
•  •  0 101 109 *  2 178
•  4  0 100 99 0  3 146
•  4 0 1fl2 179 1 3 4 4 *
1 *  0 194 192 2 3 • 7
2 3  0 2 * 2 2 5 * 3 3 172
3 0 0 19* 19* 4 3 110
4 3 0 10 75 9 3 14*
•  3 0 193 2 07 0 4 479
•  3  0 77 •  9 1 4 253
0 * 0 323 3 2 3 2 4 224
1 *  3 * t * 3 0 3 112
2 * 3 • 0 99 1 5 * 7
1 7  3 5* 5 * 2 3 223
•  7 3 U 97 4 5 * 9
•  7  3 * 3 * 3 3  S 73
0  0 4 * 7 2 * 0 1 2  * 39
1 0  4 1*9 1 * 1 3 * 92
2 0 4 337 3 1 3 4 * 74
3  0 4 2 7b 2 * 8 1 7 4 *
4 0  4 130 140 3 7 114
*  0  4 130 114 4 7 72
7 0  4 • 3 * * 0 • 70
•  0 4 *1 * 2 3 • 79
0 1 4 43 39 2 9 33
3  1 4 392 390 3 9 41
4 1 4 3 00 2 9 8 1 0 119
3 1 4 142 140 2 0 219
0  2 4 301 299 3 0 39 1
1 2  4 123 12* 4 0 413
2  2  4 491 493 3  0 142
3  2 4 110 102 *  0 71
4 2 4 119 121 0 1 314
* 2 4 • B 93 1 1 141
0  3 4 91 97 2 1 2 1 *
1 1 4 294 3 0 * 3  1 4 43
2 3 4 144 1 * 2 4 1 *7
3  3  4 190 165 3 1 137
4 3 4 109 108 *  1 54
4  3 4 55 >3 0 2 143
1 4  4 • 0 74 1 2 3 *1
2 * 4 192 189 2 2 79
3  4 4 79 7 * 3 2 339
4 4 4 145 144 4 2 42
3 4 4 79 75 3 2 99
tore ■ i i toro tor; ■ k
53 3 4 1 114 121 779 4 4 1 79 79 090 3 4 1 102 108 1101 ft • 1 99 93 3*4 1 5 1 150 149 41ft* 2 3 1 1*3 1*3 *•0 3 5 1 *4 *7 773 4 5 1 75 72 0481 3 5 1 102 105 1422 0 * 1 52 52 2124 1 * 1 101 •7 3345 2 * 1 91 91 4*3* * * 1 71 *9 *194 1 7 1 113 121 0319 3 7 1 59 55 1243 4 7 1 55 50 2139 1 4 1 45 *7 3114 0 • 1 101 11* 5740 1 0 2 539 59* 0573 2 0 2 ft*7 *47 1358 3 0 2 335 332 2•7 * 0 2 197 21* 34* 7 0 2 139 141 4122 0 1 2 901 875 5143 1 1 2 443 455 *154 2 1 2 435 421 4490 3 1 2 48 *0 092 4 1 2 239 233 1174 0 2 2 847 854 2113 1 2 2 *24 *38 4154 2 2 2 125 135 0504 3 2 2 *1 *2 1240 4 2 2 13* 143 2239 * 2 2 10* 113 8
1*9 • 2 5 72 60 567 7 2 5 59 59 7218 0 3 5 198 195 072 1 3 5 269 243 17* 2 3 5 211 205 270 3 3 5 178 179 360 4 3 5 151 150 475 0 4 5 105 135 7*4 1 4 9 141 139 011* 2 4 5 199 199 1ft* 3 4 5 154 154 2*1 4 4 5 115 104 J79 5 • 5 75 91 444 0 5 5 5ft J9 5• t 1 5 5 115 109 0112 2 5 5 202 204 1212 J 5 5 *2 *0 2411 4 5 5 72 77 340* 5 9 5 4* 47 4194 0 b 5 170 1ft* *91 2 * 5 94 92 031* J * 5 141 149 1>37 0 7 5 50 37 2223 1 7 5 57 *7 J43* 2 7 5 92 62 479 3 7 5 9* 100 5139 4 7 5 101 101 044 0 9 5 42 98 11*2 1 8 9 93 99 2J** 2 • 5 78 74 3• 1 4 8 9 57 59 5322 1 0 * 41 42 043 2 0 * 20* 210 19* 3 0 * 55* 5*8 2
1 i o r o l o r e ■ i  i .  i o r o l o r e
2 • 5 9 9 4 0 3  1 * * 140
2 151 157 7 0 3 4 8 97
2 593 6 9 4 0 1 3  74 42
2 •  8 9 0 1 1 3  3 *3 3 7*
2 53 4 9 2  1 3  2 7 * 271
2 154 1 * 3 3 1 3  144 1 * 0
2 71 71 4 1 3  10 I 110
2 122 1 3 8 5 1 3 1 3 * 131
2 322 3 3 1 ft 1 3 99 92
2 2 27 2 1 4 7 1 3  77 79
2 139 145 0 2 3 1 95 94a
2 142 1 3 * 1 2 3 1 9* 173
2 99 100 2 2 3  3 * 5 Jf tb
2 331 314 3 2 3 331 317
2 • 9 9 5 4 2 3 14* 144
2 2 9 9 3 02 ft  2 3 * 7 * 9
2 133 127 0 3 3 175 1*9
2 55 51 1 3 3 244 243
2 2 3 * 2 4 0 2 3 3 72 * 7
2 84 9 5 3 3 3 2 06 199
2 1*3 H f t 4 3 3 92 95
2 104 9 9 5 3 3 98 99
2 5ft 5 2 7 3 3 73 * 2
2 140 141 0 4 3 421 4 40
2 72 72 1 4 3 130 117
2 57 5 5 2 4 3 251 244
2«6
2 119 1 19 4 4 3 135 127
2 * 0 57 •  4 3 94 102
2 f t * 7 0 0 5 3 111 114
2 54 51 1 5 3 2 9J 293
J 751 7 52 2 5 3 196 190
3 195 184 5 5 3 71 *9
3 3 7 * 3 6 * 0 ft 3 111 115
* 70 94 J  *  *  130 124
* 77 * 9 4 ft  ft 57 51
ft f t * 7 9 ft *  *  54 45
* 541 5 5 0 1 7 f t  109 98
* 93 93 4 7 *  * 4 * 4
* 2 3 2 229 5 7 *  * 2 57
ft 5 1 * 9 3 9 *  103 110
ft 5 * 5 * 1 0  7 130 l i t
* 303 2 9 0 2 0 7 79 73
* 9 5 8 8 3 0 7 2 1 * 2 1 *
* 294 277 4 0 7 70 74
* 271 2 5 * 5 0 7 126 124
* 29 2 29 5 *  0 7 103 97
* 72 73 7 0 7 100 95
* 1 9* U 3 0 1 7 215 222
* 1*2 1 *1 1 1 7 321 337
* 3 05 3 0 8 2 1 7  3 1 0 300
ft * 7 * 4 3 1 7 111 106
* 123 124 4 1 7 142 14*
* 92 94 5  1 7 100 92
ft 204 2 0 0 ft 1 7 54 53
* 110 105 7 1 7 73 *8
1 144 134 0 2 7 192 199
* 1 * 6 1 * 3 1 2 7 2 33 232
* 72 78 2 2 7 354 33d
ft * 0 * 9 3 2  7 174 170
* 103 1 0 * 5 2 7 7 3 *8
* 1 * 9 1 * 1 7 2 7 79 60
* 151 149 0 3 7 102 105
* 107 99 1 3  7 313 318
ft 54 5 3 2 3 7 1*9 1*3
* 7 9 9 7 3 3 7 297 J 0 5
ft 59 * 2 4  3 7 144 139
* 73 7 0 5 9 7 13* 141
Table 2.2 Observed and Calculated Structure Factors for Irazunolide
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I io r o t o r e I  4 5 1099 t o r e 1 K 5  1 0 7 0  l o r e 1 K 5 io r o 107C ■ 9 9 1 9 7 0 t o r e
7 *7 4 6 9 2 9 76 73 2 9 9 46 70 1 4 9 59 >5 4 3 10 91 79
7 ISO 176 1 2 a 147 141 0 9 s 94 94 2 6 9 53 4 7 1 4 10 S« SO
7 121 126 2 2 9 2 1 0 213 2 0 9 •  9 90 4 6 9 93 9 2 2 4 10 95 Oft
7 79 9 4 3 2 6 119 109 3 0 9 100 •  6 4  6 9 41 9 4 3  4 10 74 70
7 a t 6 5 5  2 0 115 110 4 0 9 104 100 0 7 9 76 7 9 4 4 10 56 44
7 w 4 0 7 2 9 • 6 93 5 0 9 56 39 1 7 ft TOJ 9 7 5  4 10 95 92
7 99 94 0 3 9 44 92 7 0 9 44 76 1 7 9 107 110 0  5 10 151 156
7 20« 195 1 3 9 269 247 0 1 9 349 324 4 7 9 67 63 2  5 to 91 S I
7 1 M 151 2 3 9 95 95 1 1 9 212 210 1 9 9 125 127 4 5 10 75 96
7 101 102 3  3 « 76 94 2 t 9 162 152 3 9 9 61 6 3 5 5 10 41 51
7 124 130 4 3 0 19 97 3  1 • 14ft 199 0 9 9 42 62 1 6 10 110 105
7 179 179 0 4 s 169 159 4 1 9 52 63 0 0 10 5 4 2 5 6 3 2 6 10 46 63
7 170 17 4 1 4 9 7Q 6 ft 5  1 9 62 76 1 0 10 103 103 0 1 10 127 M i
7 13 93 2 4 S 16 1 140 4 1 9 56 73 2 0 10 6 6 6 5 1 7 10 96 SO
7 I2fc 111 4 4 9 95 40 7 1 9 77 69 3 0 10 132 135 2 7 10 67 40
7 95 99 5 * 9 50 59 0 2 9 2SS 205 7 0 10 100 90 4 7 10 65 56
7 99 9 2 0 5 9 54 46 1 2 9 436 427 0 1 10 293 2 9 2 0 9 10 112 91
7 12b 135 1 9 6 100 44 3 2 9 S5 90 1 1 10 4 25 441 1 0 11 206 200
7 101 111 2 6 9 99 105 4 2 9 ISO 195 2 % 10 69 72 5  0 11 95 103
7 I t 6 2 3  5 S 92 99 0 3 9 1S5 171 3 1 10 193 199 7 0 11 64 62
7 93 46 4 5 9 49 92 1 3 9 329 334 4 1 10 109 109 0 1 11 1 10 111
7 53 56 4  9 S 54 60 2 3 9 2 75 261 5 1 10 6 9 50 1 1 11 125 11a
7 95 96 0 6 S 262 240 6 3 9 99 97 4 1 10 107 96 2 1 11 172 171
9 297 291 1 6 9 169 169 1 6 • 190 191 0 2 10 • 9 92 4 1 11 74 7S
9 233 229 2  6 9 194 2 04 3 4 9 129 120 1 2 10 192 197 5 1 11 61 60
9 91 9 4 3 4 • 101 110 4 4 9 40 79 2 2 10 97 101 6 1 11 6 0 51
9 59 4 4 4 6 S 5 4 44 5 4 9 132 143 3 2 10 99 I t 7 1 11 5 9 47
9 U S 156 0 7 9 112 111 4 4 9 66 72 •  2 10 •  1 90 0 2 I I 174 175
i 103 104 1 7 » 46 46 0 5 9 5V 61 5 2 10 134 122 1 2 11 157 16 1
a 103 9 9 2 7 s 56 64 1 5 9 146 174 t  2 10 71 67 3 2 11 173 16ft
a ITS 1H4 J  7 s 57 43 2 5 9 157 159 0 3 10 4 12 4 1 9 5 2 11 43 3ft
a 59 69 4 7 9 72 73 3 5 9 56 4ft 1 3 10 141 1S7 6 2 n 1 1 9 l i f t
a 92 94 0 S 6 97 55 4 5 9 69 46 2 3 10 243 2 5 3 1 J i i 91 93
a 99 54 1 9 9 100 99 0 6 9 136 736 3 3 10 67 4 2 2  3 i i 47 6ft
n 109 101 6 2 12 91 77 2 3 13 50 60 3 5 14 54 5 4 4 1 14 96 97
u 272 26 0 0 3 12 229 22b 3 3 13 92 94 1 6 14 56 4 2 1 2 16 70 67
11 59 49 1 3 12 116 114 0 4 13 134 133 2 6 14 99 7 9 2 2 14 136 139
n 103 109 2 3 12 60 52 1 4 13 46 40 3 4 14 99 9 2 3 2 16 44 50
i i 73 47 J  3 12 111 106 2 4 13 69 92 0 7 14 * 5 3 0 4 2 16 107 10ft
11 93 55 4 3 12 74 79 3 4 13 95 99 2 0 15 201 199 0 J 16 56 56
n 74 06 1 4 12 9 5 43 4 4 13 79 67 3 0 15 154 149 1 3 16 IOS 120
i i 97 66 3  4 12 53 29 2  5 13 47 •  S 4 0 15 J0 5 2 91 2 3 14 104 110
i t 99 59 4 4 12 114 106 3 5 13 53 57 5 0 15 97 ■ 5 J  3 16 100 S0
IT •0 9 2 6 4 12 6 9 63 0 6 13 53 39 0 1 15 162 165 0 4 16 73 7ft
11 144 144 1 9 12 74 SO 1 6 13 117 115 1 1 15 46 7 3 1 5 16 ? s 97
11 97 9 6 2  5 12 124 123 J  6 13 63 56 2 1 15 140 131 0 6 16 95 37
11 49 52 J  5 12 SO 92 0  7 13 93 91 J  1 15 148 149 1 4 16 54 53
11 90 7 5 4 5 12 64 94 2 0 14 60 62 4 1 15 117 112 » 0 17 94 9ft
I I 59 47 0 6 12 5 f 49 3 0 14 197 174 1 2 15 76 73 3 0 17 204 200
11 59 5 3 2 6 12 9 6 n o 4  0 14 • 3 73 2 2 15 99 107 4 0 17 64 57
I I 96 92 3  6 12 61 90 4 0 14 74 71 3 2 15 267 26 0 1 1 17 62 73
14 272 269 0 7 12 65 97 1 1 14 129 130 4 2 15 09 73 2 1 17 101 109
12 107 115 1 7 12 SO 92 2 1 14 I IS 116 0 3 15 9 5 99 4 1 17 60 43
12 124 132 2 7 12 120 104 3 1 14 1SS 193 2 3 16 112 113 1 2 17 54 40
12 S ! 7 9 3 7 12 76 71 4 1 14 173 161 3 3 15 •  5 77 2 2 17 13J 141
• 2 47 33 1 0 13 123 114 5 1 14 104 110 4 3 15 55 49 3 2 17 163 161
12 112 121 J  0 13 99 94 2 2 t t 193 141 1 4 15 66 4 9 4  2 17 54 57
12 125 136 5 0 13 61 46 3 2 14 96 109 2 4 15 144 1 43 0 3 17 55 54
12 too 107 1 1 13 44 64 4 2 14 93 93 1 5 15 107 t i l 4  3 17 65 74
12 139 137 2 1 13 70 91 5 2 14 67 62 2 5 15 59 5 0 0 4 17 6S 74
12 M 74 J  1 13 64 57 0 3 14 99 75 0 6 15 52 4 2 3 4 17 109 106
12 75 72 0 2 13 2 46 236 2 3 14 103 115 0 7 15 99 4 9 2 5 17 97 95
12 92 6 5 1 J 13 159 154 3 3 14 79 90 0 0 14 239 2 4 6 0 6 17 97 33
12 49 49 2  2 13 69 4 5 4  3 14 139 149 3 0 16 2 67 2 69 2  6 17 6 ft 61
12 137 142 J  2 13 60 56 1 4 14 94 72 4  0 14 99 64 3  0 1ft 97 103
12 49 35 4 2 13 74 9 4 2 4 14 17 95 0 t 16 105 107 4 0 19 69 6S
12 74 •  0 9  2 13 •  7 4S 5 4 14 72 71 2 1 16 136 145 2  I ia 10ft 99
12 9B 94 1 3 13 106 104 1 5 14 71 49 3  1 14 57 4 5 4  1 1ft 60 62
19 54 5 9 2 6 19 43 77 1 2 19 42 74 2 0 20 109 109 1 2 20 59 57
i s S7 90 1 0 19 116 119 2 2 19 91 49 0 1 20 90 SO 0 3 20 70 43
ia 53 5 4 2 0 19 741 73 0 3 IS 107 109 1 t 20 106 99 1 0 21 160 155
i s 4 fl 72 3 0 19 61 52 1 4 IS 77 77 2 1 20 94 75 2 1 21 59 61
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BOND A NG STROMS
can  
C C1 7 5
; C13
. t
. 3 3 ( i ;  
. 51  
.<16' . 
. 5 0  1)
. 2 3 ( 1 )
. 51  Cl
. a h
.5111  
, 5 « M ; 
. 5 0 ( 1 )
,  9 7 0 ( 9 )
. 5 1 ( 1 ).aacn
. 5 2 ( 1 )  
. 9 5 5 ( 8 )  
. 5 5 b ( 9 )  
, 5 « t n  
. 5 1 ( 1 )
:MS!i
■ M t t \
. 9 9 ( 1 )
. 3 3 7 ( 9 )
. 1 8 ( 1 )
BONO ANGLE D E G R E E S
C ( 1 2 )  
CC12)  
C 16)  
C ( 16)  





















C U 2 )  
0 ( 1 3 )  
C (1 3 J 






122 .1  ( 8 ) 
1 2 2 . 9 ( 8 )  
1 1 5 . 7 ( 7 )  
122 .1  ( 8 ) 
1 2 2 . 0 ( 7 )  
1 1 9 . 7 ( 7  
1 1 8 . 9 ( 7  
1 2 6 , 6 ( 8  
1 1 7 . 3 ( 6  
1 0 9 . 2 ( 6  
1 0 7 . 2 ( 5  
1 1 0 . 9 ( 6 )  
1 1 5 . 3
1 0 3 . 5
1 0 7 . 1
1 0 1 . 5  
1 2 3 . 3 ( 6 )  
1 0 7 . 5 ( 5 )  
1 0 8 . 7 ( 6 )  
1 0 9 . 9 ( 6 )
112 .1  ( 6 ) 
1 0 7 . 6 ( 6  
1 10.2 ( 6  
1 0 6 . 3 ( 6 .  
1 1 0 . 3 ( 6 )  
1 1 3 . 9 ( 6 )  
1 0 8 . 5 ( 6 )  
1 0 9 . b ( 6 )
1 3 2 . H(  
1 2 2 . dl 




1 2 8 . 2 ( 8 )  
1 2 3 . 1 ( 8 )  
1 1 1 . 8  7) 
1 2 9 . 5 ( 8 )  
1 2 3 . 5 ( 7 )  
1 0 8 , 3 ( 6 )  
1 1 6 . 1 ( 6 )





Irazunolide is a sesquiterpene lactone belonging to the 
eudesmanolides, a c lassification based upon the structure of 
eudesmane (5J shown below with the constitutent isoprene units 
delineated. The structure of Irazunolide (j6) is also shown.
( i )  (6)
A steroscopic view of the/6-face of Irazunolide is shown in 
Figure 2.1.
The molecule Irazunolide is composed of two six-membered
rings trans-fused at C5 and CIO. (Fusion of the ring systems
19might also occur in a cis manner. ) .  Inspection of the 
pertinent torsion angles in Table 2.5 shows that fusion of the 
six membered rings occurs with minimal s tra in , as the observed 
torsion angles do not d if fe r  greatly from those values of the 
staggered ethane molecule.
The molecule is not highly substituted. Deviations from the 
basic eudesmanolide skeleton occur at C3, where a carbonyl 
function is found, and at C8, the location of an acetate group.
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The double bonds at C1-C2 and C4-C15 introduce an interesting
modification to the molecular framework that w ill receive more
attention la te r .
Examination of the observed bond lengths (Table 2.4) shows
that none d if fe r  s ign ificantly  from values reported in similar
20 21structures with bonded atoms of similar hybridization. ’
Evidence of some angular distortion is exhibited in the following 
bond angles.
Hybridization of 





The f i r s t  three angles are associated with atoms of the lactone 
ring. The angles C8-C7-C11 (123°) and C7-C11-C13 (133°) have 
increased from the ir  ideal valence values (109.5° and 120° 
respectively). Since these angles are exocylic to the five  
membered lactone ring such distortion is not unexpected since 
related bond angle compressions of the endocylic angles have 
occurred to allow formation of the five-membered ring. For 
example, the angle C11-C12-01 has been compressed by 12° from its  
ideal value of 120°, giving evidence to the ring strain present
25
in the lactone group. The bond C17-C16-02 is not part of any
ring system yet i t  is compressed by 8 °  from its  ideal sp2
hybrid case.+ While the distortion is significant i t  is
22
comparable to similar systems in related structures.
The conformation of the ring labelled A in {6J is not well 
defined as the torsion angle pattern is not described by any 
common c lass ification . This irregular conformation can probably 
be attributed to the presence of the doubly conjugated system 
associated with this ring (C1-C2-C3-03-C4-C15). The conformation 
of the ring indentified as ji in the same figure, is in the chair 
conformation.
While the trans-12,6 lactone arrangement present in this 
molecule is most common among sesquiterpene lactones, other 
sesquiterpene lactones having lactone functions at C7, C8 are 
also known.^ The bond angles and torsion angles of the lactone 
ring in Irazunolide indicate that ring fusion involves 
considerable structural d istortion, as the torsion angles d if fe r  
sign ificantly  from the ideal ethane case. Assignment of a 
quantitative measure of torsional strain for such deviations is
2
d i f f ic u l t  as five membered rings are known to be quite f le x ib le .
Cyclopentane rings are usually found in either the envelope 
or the half-chair conformation. The conformation of the lactone
4*
I t  is highly unlikely that the ideal valence angles are ever
tru ly  observed, they are intended only to serve as a point of 
reference.
26
ring of Irazunolide is best described as the half-chair based on 
the cyclopentane nomenclature. Analysis of the lactone ring 
conformation has been the subject of considerable study. In an 
attempt to describe quantitatively the degree of ring d istortion,
the sum of the magnitude of the torsion angles of the lactone
25ring ( e | u | )  has been used to measure the amount of pucker in
the ring. Values of z|u)| for various lactone rings as reported
2 ?by Bryan and Gilmore are lis ted  in Table 2.6. For Irazunolide,
e |o)| = 120° indicating considerable puckering of the lactone
25ring. McPhail and Sim have suggested that as the ring system 
to which the lactone group is fused becomes larger, the lactone 
ring tends to become more planar. Thus, since the lactone fusion 
occurs to a six-membered ring in Irazunolide, considerable 
non-planarity of the lactone ring is observed.
While deviations from preferred torsional geometry exist in 
the molecule, Irazunolide possesses no torsional interactions 
that indicate unusual or extreme strain. Most of the variations 
from preferred geometry are associated with the lactone ring and 
as such are not unexpected. A s ite  of potential torsional 
stra in , the double bond at C1-C2 exhibits l i t t l e  i f  any strain as 
evidenced by the torsion angle of 1 .3° (o = 1 .3 ° ) .  The atoms 
associated with this double bond l ie  in a plane, in a cis 
configuration, and as such exhibit minimal distortion resulting  
from torsional interactions.













138 6 ,7 - trans
11 7 ,8 - trans




109 5 ,6 -cis
132 7 ,8 - trans
94 7 ,8 -cis
86 7,8-trans
Table 2.6 e | g j | Values for Various Lactone Rings
28
Table 2.7 l is ts  the three rings of Irazunolide and the
deviations of the ring atoms from the best plane that defines
those rings. No one of the three rings can be described as
2
planar, as evidenced by the x values for each ring. The least
squares plane calculations were performed using the LSQPL option
26of the X-RAY system of programs.
27I t  has been predicated by Stocklin and Geissman that the 
presence of a trans -fused lactone occuring at C6, C7 should give 
rise to a negative Cotton-effect due to the inherent ch ira li ty  of 
the a ,  6 unsaturated system. Irazunolide shows a strong positive 
cd band at 245 nm contrary to Geissman's prediction. The 
presence of a second chromophore (the dienone system; C l, C2, C3, 
03, C4, C15) is most like ly  making the greater contribution to 
the band at 245 nm causing the unexpected v io lation. Irazunolide 




Ring A ( x 2 »4126)
a
Distance From Plane (A)
C (l) 0.03
C(2) 0.14
C(3) -0 .0 6
C(4) -0 .1 8
C(5) 0.35
C(10) -0 .2 8
Ring B ( x 2-7 9 6 6 )
Atom
O
Distance From Plane (A)
C(5) 0.24
C(6) -0 .2 9
C(7) 0.30






Distance From Plane (A)
C(6) -0 .21
C(7) 0.21
0 (11 ) -0 .1 3
0 (1 ) 0.13
0(12) 0.01
Table 2 .7 Least Squares Plane Calculations fo r  the Three
Rings o f Irazun o lid e
30
Section B: Melrosin-A
Experimental, Structure Solution and Refinement
The solution of the structure of the compound Melrosin-A was 
i n i t i a l l y  undertaken by Dr. Frank Fronczek. Dr. Fronczek was 
responsible for collecting the data set for Melrosin-A, and 
reported that no special sample handling techniques had been 
employed.
In an in i t ia l  attempt to solve the structure, Dr. Fronczek
used the Direct Methods program MULTAN78 without any satisfactory
results. Having exhausted a ll of the usual alternatives and
options available in the MULTAN78 program, the data set was put
aside. Later, Dr. Fronczek successfully elucidated the structure
28
of Longicornin-A, and he suggested, on the basis of nmr data 
and the s im ilar ity  in crysta lline  constants {Table 2 .8 ) ,  that 
Melrosin-A might d if fe r  from Longicornin-A only in the 
substitution pattern, and that the basic molecular framework 
should be identical.
On the basis of this hypothesis, the 10 carbon atoms of the
cyclodecadiene ring, the atoms of the lactone ring, and the atoms
directly  bonded to the ten-membered ring from the Longicornin-A 
structure were used as input for an in i t ia l  structure factor 
calculation. The resulting calculation gave an in i t ia l  R-value 
of 47% without any refinement. Analysis of a difference Fourier 
map revealed the positions of the remaining non-hydrogen atoms 



















pW i pW i
12.278(1) 8 11.993(7) 8
13.797(2) 8 13.138(4) 8
14.867(2) 8 15.965(13) 8
lO o o
Oocr>
2518.5 8 2515.5 8
4 4
1.27 1.26
Table 2.8 Crystal Data for Melrosin-A
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07. Subsequent attempts at difference Fourier techniques proved 
to be unsuccessful for locating the other atoms of the 
substituent at 07. I t  was proposed at this point that there may 
exist some crystalline disorder within this methacrylate group. 
Positions of peaks obtained from a difference Fourier map that 
appeared to satisfy the suspected disorder model were input and 
refined but provided no significant improvement of the model.
The atomic coordinates of the corresponding methacrylate group 
from the Longicornin-A structure were then used as input for 
refinement. This also showed no significant improvement of the 
model. The problem then appeared to be one either of high 
thermal motion or scarcity of data, perhaps both.
I t  was obvious that the Melrosin-A structure resembled that 
of Longicornin-A very closely. As to why the atomic coordinates 
of the central methacrylate group from Longicornin-A were not 
successful in the Melrosin-A structure is not clear. In a 
further attempt to overcome the poor defin ition of the central 
methacrylate function, the coordinates from Longicorin-A were 
once again input but with rigid geometrical constraints: the
bond distances and angles were defined for the system but were
29
not allowed to deviate; thus defining a "rigid body."
Subsequent refinement using the rig id  body methacrylate group 
demonstrated significant improvement of the model to such a point 
that the r ig id  body contraints were eventually removed, and the 
atoms of the methacrylate group were allowed to refine as free
33
atoms. The complete structure of heavy atoms had been located, 
and was well behaved in the least squares process.
Final model refinement was carried out using weighted fu ll  
matrix least squares calculations. Of the 758 unique reflections  
collected, 442 measured greater than 3o(FQ)and were used for 
structure refinement. The final R-value for the refined model 
was 0.0714. Table 2.9 contains the values of observed and 
calculated structure factors. Atomic positions and isotropic 
thermal parameters are listed in Table 2.10.
Discussion
Melrosin-A belongs to a group of sesquiterpene lactones
generally referred to as the germacranolides. This class of
molecules contain a 10-membered ring with double bonds located at
the bond positions C1-C10, and C4-C5. Germacranolides are based
30on the structure of the molecule germacrene. Germacrene-A is 
shown below.
There are four possible structural isomers for the
34
1 K ft io r o lo r e i  t  i i o r o
0 0 3 *1 24 J 3 0  0 2 09ft ft 134 140 4 •  0 124
0 0 34ft 299 7 0 0 2 0 9
1 0 l i n k 1070 1 7 0 2 1 9
1 0 433 3 93 9 7 0 «9«
t 0 734 772 0 4 0 127
1 • 37 ft 201 2 0 0 142
2 0 •  79 401 3 0 0 131
2 0 f t l f t 412 4  0 0 193
d 0 366 319 2 9 0 179
2 0 3 74 914 1 0 1 430
2 0 ft OS 91ft 2 0 1 4ft 0
4 0 441 911 3 0 1 1134
2 0 39ft 229 4 0 1 237
3 D 3 ft* 3 04 9 0 1 304
J 0 4 70 427 •  0  1 3ft4
3 0 ISO 140 0 1 1 944
3 p 197 224 1 1 1 410
J 0 ] M 332 4 1 1 202
3 0 312 342 i  1 1 443
3 0 231 339 •  1 1 197
3 0 204 109 ft 1 1 322
4 0 10S9 M3 to 4 1 1 lo f t
4 0 41ft •  30 7 1 ft 294
* 0 ft*1 f t 4 l 0 2 1 4 *1
4 p 140 I j O 1 i  1 40Jft 0 144 207 2 2 1 710
ft 0 403 000 3 2 1 j 70
ft 0 ftft6 943 •  4 1 30ft
ft 0 444 4 22 9 2 1 113
ft 0 3ft4 391 4 2 1 143
ft p 292 243 7 2 1 3i»ft
ft 0 Ik o 193 4 2 1 1*1
ft D 299 200 0 3  1 10# 7
0 3 140 123 4 ft 3 2 « l
1 1 2 ft7 2 99 4 ft J UQ
1 3 207 24 2 0 4  3 44 4
1 3 f t l f t 470 1 4 3 144
1 3 293 1 9 ft 2 m 3 193
1 3 2ft1 230 J 4  J 302
4 i 417 3 *2 4 4 3 149
2 3 703 400 4 4 3 17ft
I J 904 V«7 1 7 3 3 4 *
4 3 4 27 440 2 7 3 114
2 I 337 274 3 1 3 191
2 3 2ft7 203 ft 7 J 214
2 3 207 19ft 1 0 J 274
2 3 I f tJ 142 2 0 3 142
2 J 1ft4 200 4 0 3 203
3 3 3 19 317 1 9 3 10ft
3 3 294 31ft 0 0  4 771
3 3 140 I l k 2 0 4 904
3 3 239 292 3 0 4 2 IS
J J ft90 999 •  0 4 394
3 J IftS 170 9 0 4 101
3 3 170 174 4 0  4 3 *3
3 3 233 220 9 3 4 I f t l
4 3 091 743 0 1 « 0 02
4 3 401 392 1 1 4 424
4 J 32ft 340 2  1 4 9 *2
4 3 394 391 3 1 4 910
4 ' 3 341 291 9 t  4 4 29ft 3 930 919 1 1 4 174ft 3 127 9ft 0  2 4 141
5 3 324 301 1 2 4 2 9  Jft J 394 307 2 2 4 2 02
ft 3 144 194 J 3 4 431
ft 3 134 127 4 2 4 193
u r c  ■ «  i  l i r e  l i r e  ■ t
2 02  1 J 1 1134 1133 3
107 2 3 1 990 6 0 *  ft
10ft 3 J  ft ft4 ft 991  0
201  ft 3 1 339 3 23  1
1 99  4 3 1 194 220 2
100 7 3 1 243 2 92  3
2 09  I 3 1 103 177 6
119 9 3 1 146 190 9
120  0 •  1 3 *7 317  6
179  1 4 1 627 976 7
9 94  2 4 1 162 162 0
7 4 ft 3 *  1 037 Otoo 1
1094  4 4 1 274 2 70  2
2 48  4 4 1 2ft» 2 * 6  3
201 9 4 1 194 207 9
2 96  0 ft 1 919 9 *0  6
404  I ft 1 3 *4 3 66  7
9 1 ft 3 ft 1 232 221  0
300  4 ft 1 262 2 *1  1
40Q ft ft 1 179 170 2
103 7 ft 1 160 17ft 3
3 43  0 6 1 390 J 4 6  «
2 17  1 6 1 *2 7 494  9
2 3 0  2 6 1 226 197 6
297 9 4  1 206 197 7
9 04  0 7 1 103 169 0
743 1 7 1 3 9 * 3 17  1
3 99  2 7 1 170 162 2
4 04  3 7 1 106 179 3
127 4 7 1 103 171 9
149  7 7 1 169 164 6
310  2 0 1 342 330 7
103 1 9 1 141 149 9
1004 2 9 1 ISO 134 0
279  9 2 4  392 3 90  1
141 7 2 4 171 196 4
4 09  0 2 4 173 149 ft
-173 1 3 « 412 3 i *  6
2 00  * 3 4 « f t l 436  9
2 76  3 3 4 302 3 99  0
170 4 3 4 * 9 * 929  1
190 6 3 « 167 179 2
30 ft 2 •  4 134 130 3
107 4 4 4 272 *3 1  6
207 0 ft 4 0 26 691 9
2 J 2  1 9 4 * 3 9 233  6
264  2 ft •  4 29 3 06  7
194 4 9  4 203 109 0
2 19  7 ft 4 160 140 1
101 0 6 4 200 234  2
7 0 )  1 4  4 219 * 0 1  3
4 42  2 6 4 301 30ft 0
224  3 6 « 310 290  *
*0 0  4 6 4 160 196 J
202  7 4 4 237 242 ft
432  2 7 4 210 247  6
1 *8  3 7 4 193 169 0
0 49  4 7 4 190 106 1
397  1 0 *  156 140 3
923 3 0 4 192 103 4
491 1 9 4  171 176 9
494  2 9 4 179 142 0
170 1 0 9  420 3 96  1
140 4 0 9  107 101 2
2 9 9  0 0 ft 161 139 3
217  0 1 9  499 413 ft
191 1 ft ft 314 2 6 ft 4
2 20  2 1 ft 3 *2 3 *2  7
io r o l o r e I  1  I i o r o 107*.
272 2 42 1 4 2 924 ft*  ft
176 132 *  4 2 9 * 7 * ? a
901 ftftS 3 4 2 42  J 4»t.
1 3 * 9 1306 4 4 2 J7 » 3 7*
1 J *  1 1292 ft 4 2 170 16?
713 6 6 2 6 4 2 233 2 0*
2 * 6 2 3 7 7 4 2 137 11J
•  02 407 0 4 * 190 1 lu
414 340 9 4 2 1*4 160
144 100 1 ft 2 173 190
946 92 ft *  ft 2 2 ft* * • 1
930 4 0 * 3 ft 2 120 11*
466 4 9 7 4 ft 2 923 *6 6
621 6 32 ft ft 2 1 9 * 191
306 3«4 6 ft 2 16* 14*
173 161 1 4 2 4 J * 430
200 * * 0 2 4 2 244 299
092 01 1 3 6 2 219 240
3 * 9 3 01 ft 4  2 17ft 20ft
799 6 2 0 1 7 2 496 ftOi)
36 3 3 6 3 2 7 2 J 10 3 *0
293 3 0 * 3 7 2 I f t l la o
911 49 1 ft 7 2 If tf t 1 34
I f t l 332 0 0 2 333 326
120 1 2* 3 0 2 1ft* IV fl
194 1 *2 ft 0 * 1 6 . 190
1049 992 3 9 2 17* 17ft
* 0 9 214 1 0 3 1394 1 * f t *
307 301 2 0 3 4ftft * * ?
133 130 3 0 3 70 * •  46
1*0 17 1 4 0 3 2 ft * 2 7 *
211 24ft ft 0 3 1 ft2 1o7
161 163 6 0 J 1«ft 167
492 6 6 7 7 0 3 104 16ft
170 193 0 7 & 297 230
296 2 4 4 1 7 ft 273 2ftb
* 0 7 302 3 7 f t 131 1*0
203 2 9 0 2 0 f t 193 10*
* 2 9 179 * 6 9 2>3 261
190 1 79 1 9 ft 2 *1 202
299 2 4 0 0 0 * f t l l f t l f t
6 0 * 9 0 9 1 0 6 167 If tb
196 2 04 2 0 4 2 26 229
174 173 4 0 6 I f tf t I j O
34 2 3 32 1 1 4 309 291
127 1 *4 *  1 6 4J9 4 46
140 164 3 1 6 * 0 0 192
172 17ft 4 1 6 20 3 * 1 2
616 4 1 3 3 1 6 2 00 202
116 133 1 2 6 * 0 7 4 *9
216 2 02 2 2 6 3 37 339
630 ft9 ft 3 2 6 JtfO 36 1
296 2 29 4 2 6 16* 201
J 16 320 ft 2 6 2 * 9 2 c *
2 9 * 2 93 0 3 • 29ft * 7 2
1 72 190 1 3 4 I f tf t 1*0
21f t 2 23 2 3 6 16ft IT *
166 l i f t 3 3 6 U 9 1*0
303 291 4 3 • J l i *92
196 1 6* ft 3 6 201 290
176 194 6 J  6 163 17*
309 * 0 9 0  4 6 2 3 6 20ft
222 2 2 4 1 4 4 2 0 * 211
304 2 97 3 4 6 201 19ft
127 134 ft 4 6 36f t 360
204 184 7 4 6 I f t f t Iftft
190 199 1 ft 4 17* 161
192 16ft 7 f t * 3 f tJ 372
Table 2.9 Observed and Calculated Structure Factors 
fo r  Melrosin-A
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i  k  i  io r o  l o r e  n i  i  i o r o  t o r e  u i
ft 5  *  I M 12 1 0 J 1 37 235  1 0
1 *  *  IT T 171 1 3 7 94 I f t f t  2 0
2 - 0  *  I W 2 3 7 96  270  3 0
J  «  •  aos 214 2 i  7 8ft 14ft 5  0
5  ft *  HO 102 5 3 7 • 7  158 ft 0
1 ? *  233 212 u « 7 J )  2 2 *  1 1
% 1 *  i « t 125 1 4 / 37 156 6 1
i  9 ft a n 2 2 * 2 4 7 58 169  0 2
1 0  7 U 2 124 J •  7 ftft 3 03  1 2
J  0 7 361 366 • 4 7 57 H O  2 2
7 0 7  271 «25 0 5 S 05 220  3 2
1 1 7 462 6 *3 1 5 7 79 146  b 2
2 '  H I 200 3 b 7 12 2 03  2 3
j  i  7 i j a 212 0 •  7 93 223 i  3
4 1 7 170 21 1 1 ft 7 *9  1ft? 4 3
M  7 H I 252 3 ft 7 75 189 2  «
0 2 /  350 220 0 /  7 43 200 J 4
1 2 7 290 207 1 7 7 39 24 ft 4 4
2  2  7 425 200 1 4 7 9 5  2 4 J 0 b
3 2 7 If tf t 20b 4 a 7 2 ft 2 25  2 5
*  2  7 201 254 9 0 ft 9 5  306
ioro lore ft t L ioro lore ■ ft ft i o r o lore
122 119 2 ft 0  167 Hi 1 1 10 153 137
- J / 223 3 0 9 155 134 • 1 10 HI 19*
192 149 4 0 9 146 1«0 6 1 10 1 /4 146Ibft 105 3 0 9 192 2 23 0 2 10 If t f t 193
274 2 49 0 1 9 5 2 / 5 59 9 2 10 229 21ft
257 207 1 1 9 209 HO 0 J 10 1 7ft 149HO 144 2 1 9  53ft 323 2 3 10 157 154
170 129 5 1 9 32? 3 23 2 ft 10 115 196
144 197 ft 1 9 If tf t Hi 2 4 10 147 Iftft
196 190 1 2 9 247 2 64 P 6 10 166 139
120 12ft 4 2 9 162 2 0 ft 3 0 11 162 Iftft
2 0 / 22ft ft 2 9 1 4 / I f t f t J  1 11 1 ? i 15ft
144 H I 0 J 9 >73 3 9 ft 0 2 11 HI 133
*•26 157 2 J V 517 5 47 3 J 11 1 6 / 168
198 201 3 3 9 167 132 4 3 I I 254 257
1 5 / 140 1 ft 9 197 17ft 1 ft I I 160 2U4
2 43 2 U9 4 3 9 166 130 0 0 12 2 3 / 2 *5
3»9 534 2 ? 9 2ft 1 2 2 0 3 0 12 168 1 H
260 Jt)7 3 0  10 432 41 I 1 0 13 194 202
2Q3 204 5  0 10 206 107 0 1 13 Iftf t 1 / /
36
ATOMIC POSI T I ONAL PARAMETERS X 1 0 * * 4  
I SOTROPI C TEMPERATURE FACTOR X 1 0 * * 3
ATOM
1 4 1 5 ( 2 0 }  
0 6 2 ( 2 3 )  
1837  ( 2 1 }  
2 0 8 4 ( 2 2 )  
28 0 1 ( 2 3 )  
3 4 b 7 ( 2 3 )  
3 2 3 6 ( 2 2 )  
2 8 2 0 ( 2 5 )  
1 6 5 2 ( 2 2 )  
1 6 6 5 ( 19)  
4 3 4 9 ( 2 b )  
5 0 8 2 ( 3 3 )  
4 6 3 2 ( 3 0 )  
2 0 6 5  ( 2 7 )  
1 3 5 2 ( 2 5 )  
4 2 4 2 ( 2 9 )  
5 0 4 4 ( 3 6 )  
5 6 1 1 ( 3 1 )  
5 4 3 9 ( 3 7 )  
2 5 1 5 ( 2 8 )  
■0157 ( 2 7 )  
• 07 0 6  ( 33)  
0 0 2 6 ( 3 7 )  
8 2 4 6  ( 4 0 )  
1 1 ( 1 4 )  
1 5 2 8 ( 1 7 )  
4 6 5 3  17)  
6 0 4 8 ( 1 4 )  
3 6 7 1 ( 1 5 )  
3 9 6 1 ( 1 7 )  
9 7 6 ( 1 7 )  
- 5 2 7 ( 1 9 )  
2 1 7 6 ( 1 7 )  
2 1 9 4 ( 1 8 )
4 6 3 0 ( 2 2  
3 5 9 8 ( 2 2 ,  
2 8 4 2 ( 2 0 ,  
1 9 4 8 ( 2 2  
1 9 6 9 ( 2 1  
2 8 5 0 ( 2 1  
3 l b 5 ( 2 1  
4 2 5 2 ( 2 4 )  
4 4 5 8 ( 2 1 )  
5 0 0 7 ( 1 9 )  
3 0 4 3 ( 2 2 )  
2bb9  
3 2 1 5  
6 1 1 0
1 0 5 1 ___
5 5 9 2 ( 2 7 .  
6 2 3 3 ( 3 2 )  
6 9 8 4 ( 3 0 )  
5 8 4 4 ( 3 2 )  
7 6 5 U ( 2 5 )  
4 7 7 6 ( 2 3 )  
5 2 6 8  ( 2 7 )  
5391 ( 3 3 )  
5 2 9 0 ( 4 2 )  
3 6 7 9 ( 1 3 )  
8 3 9 ( l b )  
2 5 1 8 ( 1 4 )  
2 3 3 4 ( 1 8 )  
4 9 0 7 ( 1 4 )  
5 7 4 6 ( 1 7 )  
4 9 4 5  ( 1 6 )  
4 3 6 5 ( 1 8 )  
b49? ( 1 7 )  
65 7 0 ( 1 b )
7 4 3 2 ( 1 9 )
7 6 4 2 ( 1 8 )
7 9 5 5 ( 1 8 }
7 3 6 5 ( 1 7 )
6 7 2 5 ( 1 8 ;
6 4 6 5 ( 1 6
5 5 2 6 ( 1 5
5 4 5 6 ( 2 0
5 8 6 4 ( 1 7 )
6 6 9 0 ( 1 7 )
5 1 3 9 ( 2 0 )
5 7 3 7 ( £ 3 )
4 2 8 b ( 2 0 )
6 6 7 6 ( 2 6 )
7 5 b 2 ( 2 1 )
5 3 4 4 ( 2 3 )
5 7 6 4 ( 2 7 )
5 2 4 3 ( 2 3 )
b 5 4 0 ( 3 1 )
7 4 2 7 ( 2 0 }
5 3 4 3 ( 2 0 )
4 4 6 6 ( 2 5 )
3761  ( 2 8 j
4 7 9 5 ( 3 3 )
6 1 6 3 ( 1 1 )
6 9 8 9 ( 1 4 )  
6 5 0 6 ( 1 2  
56 2 6 (1 3  
5 8 5 0 ( 1 1  
4 6 1 1 ( 1 5 }  
5 2 5 1 ( 1 3 )  
5 9 2 3 ( 1 5 )
7 4 3 0 ( 1 5 )  
6 0 4 3 ( 1 4 )
U
5 4 ( 9 )  
5 2 ( 9 )  
5 6 ( 1 0 )  
3 9 ( 9 )  
5 4 ( 9 )  
57 ( 9 )  
3 4 ( 9 )  
5 8 ( 1 0 )  
4 7 ( 9 )  
3 5 ( 8 )  
6 2 ( 1 0 )  
8 4( 12 !  
9 6 ( 1 3  
8 2 ( 1 2  
7 5 ( 1 1 ,  
6 8 ( 10 ;  
1 1 5 ( 1 5 )  
1 2 4 ( 1 5 )  
1 5 1 ( 1 8 )  
9 8 ( 1 2 )  
5 6 ( 1 0 )  
1 0 3 ( 1 4 )  
1 5 1 ( 1 7 )  
2 1 2 ( 2 4 )  
6 8 ( 7 )  
95
8 5 ( 8 )
Table 2.10 Atomic Positions and Isotropic Temperature Factors 
fo r  Melrosin-A
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1,5-cyclodecadiene ring. The following l i s t  identifies the 
d iffe rent members of the germacranolide class based on the 





trans cis melampol ide
cis cis cis,  cis-germacranolide
The structure of Melrosin-A is of particular interest as i t ,
along with Longicornin-A, is one of the f i r s t  examples of the
c i s , c is -germacranolides to be studied crystallographically.
While other cis-cis sesquiterpene lactones are known and have 
31been studied, they are not biogenetically related to the 
c is , c is -germacranolides due to incorrect positioning of the 
double bonds in the 10-membered ring. There was also some 
ambiguity concerning the stereochemistries of the substitutents 
at C-2 and C-10 that an x-ray structure would hopefully c la r i fy .
As was pointed out in the previous section, the structures 
of Melrosin-A and Longicornin-A are very s im ilar. The combina­
tion of extreme structural s im ilar ity  and lack of precision for 
the Melrosin-A structure required that spectroscopic evidence 
be used to determine that the two crysta lline  samples were in
38
fact d ifferent chemical compounds. The most convincing support
8
for the difference of the two compounds is provided by nmr data.
The nmr of the solution from which Melrosin-A was crystallized
shows that there may have been a slight {<$%)  contamination of
Longicornin-A. I t  is doubtful however, that such a level of
contamination would have contributed s ign ificantly  to any
32crystallographic problems.
The cyclodecadiene ring of Melrosin-A is highly substituted. 
Lactone ring fusion occurs at C6-C7, and is trans. An hydroxyl 
group is attached at C2, while at C4 is located an hydroxymethyl 
function. Methacrylate substitutions occur at C8 and C9. A 
carbomethoxy group is located at CIO. A drawing of the 
cyclodecadiene ring with the lactone function is shown in Figure
2.2. A stereoview of the complete molecule is given in Figure
2.3. (Figure 2.3 was generated using the plotting package
33
PLUT080 of the Cambridge Crystal System, and was drawn to 
provide minimum overlap of the atoms of the molecule.) A drawing 
of Longicornin-A is provided in Figure 2.4 for purposes of 
structural comparison.
With the exception of the methacrylate groups, analysis of 
bond lengths and angles, Table 2.11, shows no significant 
deviations from expected values for atoms of such hybridization. 
Structural analysis suffers from imprecision due to the low 
data-to-parameter ratio  ( * 3 . 2 ) .  This lack of precision coupled 













Figure 2.2 Cyclodecadiene Ring and Lactone Function of 
Melrosin-A
Figure 2.3 Stereoview of Melrosin-A
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Table 2.11 Bond Lengths and Angles for Melrosin-A
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leaves our knowledge of the ir  exact geometry somewhat vague. I t  
is not possible to identify  the location of the double bond in 
the C18-C17-C19 group of atoms. The calculated bond lengths 
C17-C18 and C17-C19 are s ta t is t ic a l ly  indistinguishable. The 
problem is more pronounced in the C23-C22-C24 group as not only 
are the bonds s ta t is t ic a l ly  identica l, but the geometry of the 
group is distorted considerably from the expected geometry. The
bond angle C23-C22-C24 is 151°, about 30° from that expected for
2
an sp carbon. In addition, the C21-C22 bond distance is long 
2 2for an sp -  sp bond; again, probably an a r t i fa c t  of the 
model's imprecision.
I t  should be noted that the methacrylate group at C9 
experiences the largest deviations from expected, ideal geometry. 
This is the fragment of the molecule that demanded special 
attention for solution of the structure. I t  is thus not possible 
to conclude that the apparent structural distortions actually do 
exist in the molecule; rather, the distorted model which best 
f i t s  the available data results from extreme thermal motion 
and/or disorder in the crystalline sample.
Fusion of the lactone ring occurs at C6-C7 in a trans 
fashion. The lactone ring is very nearly planar as evidenced by 
a least squares f i t  to the best plane containing the atoms of the 
lactone ring. The results of this calculation are given below:
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Atom Distance From Plane (A)
C(6) 0.02
C(7) -0 .02
C ( l l ) 0.02
C(1Z) -0.003
0(3) -0.01
Analysis of the torsion angles listed in Table 2.12 
corroborate the planarity of the lactone ring. The "puckering" 
parameter value, e |uj| , for Melrosin-A is 12°. The values of 
S1 ai| for the lactone ring of other varieties of germacranolides 
are given below:
Name Type E | oi | re f.
Eupaformonin cis,  trans -p. 00 o 34
Alatolide trans, trans 64° 35
Costunolide trans, trans 86° 36
Elephantol £ - trans, trans 11° 37
bromobenzoate
(7,8 lactone)
Eupatolide trans, trans 91.4° 38









































1 2 9 (3 )
0 ( b )
Table 2.12 Torsion Angles for Melrosin-A
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All of the lactone ring fusions listed above occur in a trans 
manner. I t  appears that the greatest amount of lactone ring 
puckering occurs in the trans, trans (germacrolide) class of 
germacranolides with ring fusion at C6-C7. The lactone ring in 
Elephantol £-bromobenzoate, while fused to a trans, trans 
cyclodecadiene ring, is attached at C7-C8 and is therefore of a 
different variety of sesquiterpene lactone.
From the table of torsion angles (Table 2.12) i t  is possible 
to analyze how much torsional strain is being manifested at the 
two double bond positions of the cyclodecadiene ring. In 
Melrosin-A the torsion angle a4(C4=C5) measures -3 ° ,  and a1^10  ̂
(C10=C1) measures -4 .2 °  (both values have estimated standard 
deviations of 5 °) . Least squares plane calculations for the four 
non-hydrogen atoms involved in the double bonds, show the atoms 
of a^ to be planar (X^ = 0.07) and the atoms of A ^ ^  to be
nearly planar with the greatest deviation from the plane being
o
0.02 A.
In an attempt to complete a study of double bond torsion 
angle strain as a function of cyclodecadiene ring conformation, 
the following table l is ts  some germacranolides and the magnitudes 
of the ir 6T values (a measure of deviation from planarity) for 
the double bonds they contain:
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Compound A4, A1* 10' 6T(degrees) re f.
Costunolide trans, trans 24, 15 36
Elephantol p- trans, trans 24, 15 37
bromobenzoate
Eupatolide trans, trans 25, 13 38
Alatolide trans, trans 26, 13 35
Enhydri n trans, cis 33, 13 40
Melampodin trans, cis 24, 8 41,42
Eupaformani n cis , trans 4, 12 34
Longicornin-A cis , cis 2, 2 28
Melrosin-A cis , cis 1.3, 6.2 28
The c is , cis germacranolides experience the least amount of 
torsional strain of the various types of germacranolides. The 
trans, trans (germacrolide) structures exhibit the greatest 
torsional strain based on values of 6T from the table. As might 
have been predicted, the heliangolides and melampolides are 
intermediate in the amount of torsional strain displayed at the 
A^, A " ^ ^  bonds. I t  is interesting to note that in a ll cases 
the trans stereochemistry displays the greater torsional 
distortion whether located at C4-C5 or C1-C10. This seems 
reasonable, for in order to generate a (re la t iv e ly  small) cyclic 
system, i t  would be more advantageous to have those double bonds 
presents posses cis stereochemistry. Only in larger ring
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systems, where stereochemical demands are less r ig id , might the 
trans double bond experience less torsional d istortion.
The conformational s im ilar ity  of the cyclodecadiene rings of 
the molecules Melrosin-A and Longicornin-A is demonstrated most 
clearly by the pattern and magnitudes of the corresponding 
endocyclic torsion angles. An analytical measure of 
conformational agreement is given by the root-mean-square 
deviation of the endocyclic torsion angles. This may be 
calculated according to the following equation:
For Melrosin-A and Longicornin-A the rms deviation for the
conformation can also be made with the 4 ,5 -c is -9,10-trans 
germacranolide Melampodin-B, thought to arise from a c is , cis 
germacradiene precursor. The rms values of Melrosin-A and
Conformational agreement between Melampodin-B and the c is , cis 
compounds is better than with Eupaformonin, a 4 ,5 -c is - l ,1 0  trans 
germacronolide. The rms value for Eupaformonin and Melampodin-B 
is  67°.^® The now available c is , cis structures lend greater 
support to the speculation of the c is , cis precursor for 
Melampodin-B as demonstrated by the conformational s im ilar ity  of 
the 10-membered rings.
RMS -
10-membered ring is 3.4°.^® Comparison of the 10-membered ring
Longicornin-A with Melampodin-B are 32.0° and 32.6° respectively.
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Section C: 3-trans, 6-trans-dihydroxymenthene
Experimental
A colorless, prismatic crystal measuring 0.6 mm x 0.4 mm x 
0.2 mm was cleaved from a larger sample and mounted with the long 
dimension parallel to the glass f ib e r .  Sample preparation as 
well as in i t ia l  la t t ic e  characterization was carried out by 
Dr. Frank Fronczek. He indicated that no special techniques for 
handling the sample had been required.
Tha standard reduced cell constants determined from 
reflections located by the SEARCĤ  routine are:
a = 7.12(1) A 
b = 8.082(3) A 




44On the basis of the Niggli matrix, the program TRACER, 
determined that the unit cell could be reindexed (redefined) as 
C-centered monoclinic, rather than a primitive t r ic l in ic  c e l l ,  
with the following la t t ic e  constants:
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a = 17.79(2) A 
b = 7.12(2) A 
c = 8.089(5) A 
8 = 102.17(6) 0 
(a = y = 90°)
A b r ie f survey of reflections showed all hkl data (h+k odd) to be
absent. This observed systematic absence verified the assignment
of a C-centered c e l l .  To check for the possible existence of a 
45superlattice, each one of the axes was doubled (one at a time) 
with the doubled la t t ic e  index set to one. A short data set was 
then collected. Inspection of these sets of data showed none of 
the superlattice related reflections to be present, thus 
eliminating that concern. Under normal circumstances, such a 
check for a superlattice would not be done for an organic sample; 
but, the exact chemical composition of the compound was in 
question, so the precautionary check was preformed.
Since the molecule is a natural product, an acentric, chiral 
space group was anticipated. The combination of C-centering with 
the two-fold rotation axis of the monoclinic system gives rise to 
the space group C2 which was used for subsequent structure 
solution, and verfied by successful refinement. Crystal data are 
given in Table 2.13.
Mo-Ka radiation was used for intensity measurements for 
reflections in the range OP<0<27°. Data were collected in the 




























Table 2.13 Crystal Data for (10)
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h+k=2n+l is systematically absent, these reflections were 
automatically bypassed to save time. Intensity data were 
collected for 1290 reflections, with (9 1 0) and (5 3 1) serving 
as orientation controls and (10 0 0) ,  (0 2 0) ,  and (0 0 2) used 
as intensity standards. No significant decrease in the intensity  
of the standard reflections was observed during the data 
collection process.
Raw intensity data were reduced and merged using the DATARD 
program of the SDP package of programs available on the PDP 11/34 
computer. Absorption correction of the data was not done, as no 
elements heavier than oxygen are present (y = 0.46 cm *) in the 
molecule. Table 2.14 contains the observed and calculated 
structure factors. Atomic positions and thermal parameters are 
l is ted  in Table 2.15.
Structure Solution and Refinement
The structure of 3-tran s , 6-trans-dihydroxymenthene was 
solved using the direct methods program MULTAN80. S ta tis tica l  
analysis of the calculated normalized structure factors ( E ^ )  
showed them to have an acentric d istribution. The value of the
thermal parameter, B = 3.742, was determined from a Wilson plot.
2
Average values of E ranged from 0.905 (e e e) to 1.047 (o o o). 
The parity groups (o e e ) ,  (e o e ) ,  (o e o), and (e o o) were not 
represented in the analysis due to the symmetry of the space 
group, C2. Of the 2251 generated E's, 202 of the largest as well
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ATOMIC POSI T I ONAL PARAMETERS X 1 0 * * 0  (H X 1 0 * * 0 )  
I SOTROPI C TEMPERATURE FACTOR X 1 0 * * 3  (H X 1 0 * * 3 )
ATOM
h {a j
H ( 5 A )
H ( 5 b )
H ( i )
H (7 A)
H ( 7 B 5 
H ( 7 C ) 
M ( B )
H ( 9A)  
H ( 9 B )
H ( 9 C ) 
H tlOA) 
HClOb) 
H ( 10C) 
h ( h a ) 
H ( 1 1 B )  
H ( 1 2 A j 
H ( 12b)
3 9 9 2 ( 1 )  
3 8 7 6 ( 2 )  
3 7 1 6 ( 1 )  
3 92 1  ( 1 )  
3 9 1 5 ( 1 )  
3 6 6 2 ( 1  ) 
9 1 0 2 ( 2 )  
3 3 5 5 ( 2 )  
2 6 6 9 ( 2 )  
9 1 2 2 ( 2 )  
3 1 5 6 ( 1 )  
3 1 9 6 ( 1 )  
3 8 9 3 ( 1 5 )  
9231  ( 1 9  
2 8 6 5 ( 1 2 )  
9 9 5 7 ( 1 9 )  
3 7 7 7 ( 1 2 )  
9 2 6 1 ( 1 3 )  
9 1 3 2 ( 2 )  
3 6 9 6 ( 2 )  
9 6 9 0 ( 2 )  
3 0 8 1 ( 1 9 )  
3 1 3 9  “  
2 8 0 9  
2 3 0 6  
9 9 9 3  
9 9 3 6  
9 0 2 8  
2 75 9  
3 0 1 5  
2 6 0 6  
2 9 9 9
• 2 6 6 0 ( 5 )  
- 8 2 9 ( 5 )  
5 72  
- 3 6 2 ( 9 )  
■ 2 0 9 0 ( 5 )  
■ 3 5 3 9 ( 9 )  
■ 9 0 0 b ( b ) 
1 0 1 2 ( 5 )  
1 8 3 ( 6 )  
1 6 6 3 ( 7 )  
■ 9 5 7 0 ( 9 )  
1 9 9 5 ( 9 )  
- 2 7 0 ( 2 5 )  
1 2 9 8 ( 2 9 )  
- 7 5 9 ( 2 2 )  






2 0 3 9 i  
■106b 
1206  
- 1 6 8 ( 6 )  
9 5 7 ( 7 )  
237 9 ( 7 1  
2 6 1 0 ( 7 )  
• 3995  
• 530 5  
1 91 9  
2 7 5 9
6 3 0 0 !
6 97  9 
5 057  
33931  
32221  
9 5 6 8 .  . 
7 7 8 5 ( 9 )  
1 8 9 6 ( 3 )  
2 3 5 ( 9 )
1526  ( 9 )  
9 1 1 5 ( 2 )  
5 9 3 9 ( 2 )  
7 7 2 9 ( 2 3 )  
5 1 2 0 ( 2 1 )  
3 9 3 8 ( 2 0 )  
3 9 1 6 ( 2 1 )  
2 0 5 9 ( 2 0 )  
9 5 b 1 ( 2 1 )  
7 3 3 9 ( 9 )  
8 9 7 9 ( 9 )  
8 6 0 9 ( 9 )  
2 1 2 7  ( 2 1 )  
- 1 1 6 ( 9 )  
- 7 7 2 ( 9 )  
9 5 6 ( 9 ,
1 2 b 0 '
2b 33  
9 6 1 ( 9 )  
9321  







Table 2.15 Atomic Positions and Thermal Parameters fo r (10)
ANI SOTROPI C THERMAL PARAMETERS X 1 0 * * 3
ATOM U) 1 U22 U33
A 6 t l )  
a 3 C l )  
A8 11 3 
a«M  3
*4 7 ( 1  5 bai l )  
b f l ( i )
a M i  j
a 7 t i j  
b / i
b i  i n  
fc3 C1 S2
a o t i
aati
39 t i
83 («? l l i f i
5 a m  
7 5(23  
3 5 (1 )  
32(13
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as 100 of the smallest were used for phase determination.
Only one phase was assigned as a result of the Ej 
relationships generated. The (0 0 6) reflection was assigned a 
phase of 360° with a probability of 0.979. Of the 2118 phases 
generated based on the Eg relationship, only 1424 were accepted 
as useful.
Space group C2 requires 2 reflections for origin defin it ion .  
These were chosen, on the basis of intensity and number of phase 
interactions, to be the (3 5 2) and the (0 0 1) re flections . In 
addition, the following 5 reflections were included in the 
starting set for phase set generation:






The (0 2 3) reflection was chosen for defin ition of the 
enantiomorph.
For the 36 phase sets generated, combined figures of merit 
ranged from 0.6020 to 2.6129. The calculated E-map based on the 
phase set with the highest figure of merit gave the image of a
59
decalin-type molecule with apparent substitutions at 4 positions. 
Since the compound was not expected to be of the sesquiterpene 
variety , a monoterpene type molecule was considered. The 
coordinates of the peaks belonging to the molecular fragment 
shown below were chosen as a starting set of atoms for Fourier 
synthesis.
(3 )
This fragment, which proved to be correct, was chosen as i t  
represents well a common cyclic monoterpene structure. The 
remaining oxygen atoms were easily located from a difference 
Fourier map.
All hydrogen atoms, excluding the hydroxyl and methyl 
hydrogens, were in i t ia l l y  placed in calculated positions. They 
were subsequently refined as free hydrogen atoms. Due to 
apparent high thermal motion and probable free rotation, the 
methyl groups were defined as rigid bodies and refined as such. 
Location of the hydroxyl hydrogen atoms w ill be discussed in 
detail in the Discussion section of this chapter.
Refinement of the model was carried out using the method of
60
fu l l  matrix, weighted least squares. All non-hydrogen atoms were 
refined anisotropically.
The hydroxyl hydrogen atoms participate in a complex three 
dimensional hydrogen bonding network. The hydrogen bonding 
scheme involves a disordered model for the hydroxyl hydrogens and 
therefore required special refinement techniques. The specific 
details  involving the structure refinement w ill be covered in the 
section devoted to the characterization of the hydrogen bonding 
in the crysta l.
Discussion
The molecule 3-trans , 6-trans-dihydroxymenthene belongs to 
the class of natural products compounds known as the 
monoterpenes. Therefore, i t  is a naturally occurring compound 
described by a basic skeleton of 10 carbon atoms. In particular  
the molecule is a cyclic monoterpene based on the menthene 
structure (9) shown below.
The molecule (H)) is an interesting and rare crystalline  
example of the monoterpene class of compounds. While 
monoterpenes are well known, they are not often found in the 
crysta lline  state and therefore are not the subject of many 
crystallographic investigations. A search of the Cambridge 
Crystal Data Base revealed that 83 crystal structures have been 
reported for the class of compounds "monoterpenes11. A 
connectivity search, based on the molecular fragment { 8}  used as 
input to MULTAN, revealed 22 of these structures to contain the 
"menth" substructure. Many of these compounds were found to be 
complicated derivatives and halogenated variations of the 
monterpene framework. Table 2.16 l i s t  these 22 compounds 
according to the ir  molecular formulas. The molecule reported here
has previously been the subject of an nmr investigation by
65Gonzalez, e t .a l .  While they report having had a crysta lline  
sample, a single crystal x-ray study was not done.
Based on the cyclohexene framework, the molecule contains a 
double bond at C1-C2. An isopropyl group is located at C4, while 
a methyl group is attached at Cl. The presence of two hydroxyl 
groups at C3 and C6 provide excellent opportunity for hydrogen 
bond formation, and are probably responsible for this molecule^ 
a b i l i ty  to c rys ta ll ize . As the name 3-tran s , 6-trans-dihydroxy- 
menthene implies, the two hydroxyl groups are oriented in a cis 
manner with respect to each other on the ring, and trans to the 
isopropyl group at C4. Because i t  was not possible to determine
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Compound Formula Ref.
1 . Schlzonepetostde C16H26°7 46






phepyl-(L-m enthyl)-acetate C18H25Brl Hgl°2
49
5. BHGMNB(refcode) C54H55Brl Hgl° 2 P2Ptl 49
6. BPCHHA10 ( r e f  code) C24H36Brl Nl°2 50
7. BPUIMTlO(refcode) C17H24Brl Nl°2 51
8. 2 ,4 -d1bromomentbone C10H16Br2 °l 52
9. Benzoylcarvoxlme C17H23N1°2 48
10. (+)-c1s-Carvone tribrom ide c10K15Br3°l 53
11. DL-Carvox1me C10H15N1°1 54
12. Carvoxlme-Benzoyl-  
carvoxlme
X(ClOHl9 N1°1^ 
Y^ 1 7 H23N1B2^
48
13. T rans-2,8-dlhydroxy- 
l(7)-p-m enthene C10H18°2
55
14. L-Carvoxlme C15H16Br2°2 56
15. MENBNB(refcode) C17H22Brl Nl°4 57
16. MENEIB(refcode) C17H21I 1°2 58
17. MEPBGYlO(refcode) C18H23Brl°3 59
18. Henthyl Trlm ethyl- 
armwnlum Iodide C13H28N1+ ’ 1
60
19. MNIBZS(refcode) C16H23I 1°2S1 61
20. NNPOST(refcode) C17H27°2P1S1 62
21. (-)-M enthyl Methy1- 
Phenylphosphate
C,7H27°3p, 63
22. NPMMSICrefcode) C27H34°25 i l 64
Table 2.16 X-Ray Structures of Monoterpenes Containing the "Menth" 
Substructure
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the absolute configuration of the molecule, i t  is not known which 
of the two isomers shown below is actually present in the 
c rys ta l.
Bond lengths and angles as well as torsion angles for ( 10)
are lis ted  in Table 2.17. The molecule appears to experience
l i t t l e ,  i f  any, significant steric strain as evidenced by the
good agreement between the observed values of bond lengths and
angles and those expected for ideal geometries. The primary site
for possible torsional s tra in , C3-C2-C1-C6, is also rather
undistorted with an observed torsion angle of 0 .4 °  (o= 0 .5 °) .
The pattern of torsion angles shown in Figure 2.5 defines a
half-chair conformation for the cyclohexene ring. The parameter 
66AC2 is a measure of how closely the cyclohexene ring 
approximates Cg symmetry. The value of ACg for this molecule 
is 1 .3°, indicating only slight distortion form C2 symmetry.
This is shown in Figure 2.5b.
( 12)
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Figure 2.5b Symmetry of Cyclohexene Ring in ( 10)
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While the molecular structure analysis of (JT)) was rather 
straightforward, the crystal structure i t s e l f  proved to be quite 
interesting and considerably more involved. The presence of the 
two hydroxyl groups provides ample opportunity for hydrogen bond 
formation. The presence of hydrogen bonding had been suspected 
throughout the stucture solution process, for only a complex 
hydrogen bonding scheme could provide an explanation for the 
existence of the crystals of (10). In addition, i t  had been 
noted by Dr. Fronczek that the crystals of (It)) were unusually 
hard for an organic sample. The crystal also scattered x-rays 
particu larly  well, so a rather complex system of intermolecular 
interactions was anticipated.
Hydrogen Bonding in 3-trans,6-trans-dihydroxymenthene
As previously noted, the hydrogen atoms attached to the 
carbon atoms of the molecule were in i t i a l l y  placed at calculated 
positions. However, due to free rotation about the C-OH bond, 
positions for the H atoms of the hydroxyl groups could not be so 
calculated. Thus, while the C-OH bond angle is ca. 109°, there 
is at least a three-fold rotational ambiguity concerning the 
correct placement of the hydroxyl hydrogen atom. The ambiguity 
is actually greater, because no a-priori location of the lone 
pairs of electrons and the hydrogen atom is possible. However, 
i t  was hoped that a difference Fourier map would reveal the 
positions of the hydroxyl hydrogen atoms.
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All atoms in the molecule, except for the hydroxyl 
hydrogens, were located and the model was refined with a ll  
non-hydrogen thermal motion treated anisotropically until the 
ra t io ,  s h if t /e .s .d .  for each parameter was less than 0 .1 . This
gave a residual R-factor of 0.0442. The two largest maxima in
the resulting difference Fourier map measured approximately 0.2
e“ /A^. These peaks were interpreted as Itydroxyl hydrogens, as
o
they were both about 0.8 A away from the ir  respective oxygen 
atoms, a reasonable experimental value for an 0-H bond distance.
Subsequent least squares refinement and bond length calculations
0
showed the refined hydroxyl hydrogen positions to be only 1.06 A 
apart. This model was chemically and structurally  unacceptable, 
and was thus abandoned.
Calculation of crystal la t t ic e  contact distances about 
oxygen atom 01 showed that i t  participated in a significant
intermolecular contact with 02 (in another molecule) at a
o
distance of 2.696 A. This is well within the range of 
oxygen-oxygen distances reported in other systems known to 
contain hydrogen bonding. The fact that the contact occurs 
between 01 and 02 indicates that there is only one type of 
H-bonding environment between the oxygen atoms. This simplifies  
the task of hydrogen atom location s ligh tly  because the 
structural demands of hydrogen bonding can give an indication of 
the positions of the hydroxyl hydrogens.
A more detailed inspection of a difference Fourier map
68
revealed that many of the peaks in the neighborhood of the oxygen 
atoms, o rig in a lly  thought to arise from anisotropy, were at the 
approximate distance expected for an 0-H bond (in the range 0.75 
to 0.85 A). Inspection of a fu l l  printout of a difference 
Fourier map showed two well defined peaks around each oxygen 
which could be interpretted as disordered hydrogen atoms. Table 
2.18 l is ts  the distances of these peaks located less than 1.0 A 
away from each oxygen atom. The geometries (contact distances 
and angles) generated by these peaks and the ir  respective oxygen 
atoms were analyzed using an option of the plotting program 
ORTEP. The following geometrical relationships were 
determined:
a) HA contacts an 02 atom at x, y -1 , z. The angle
01-HA-021 is 144°. The 01-02' distance is 2.68 A.
b) HC contacts an 01 atom at x, y+1, z. The angle
02-HC-01' is 135°. The 02-01* distance is 2.68 A.
c) HB contacts an 02 atom related by a 2  ̂ symmetry
operation, (x, y , z — ^ 1/ 2-x , 1/ 2+y, - z ) .  The angle
01-HB-02' is 171*. The contact distance 01-02' is
2.75 A.
d) HD contacts an 01 atom related by a 2j operation.
The angle 02-HD-01' is 174°. The distance 02-01' is
2.75 A.
No other chemically significant 0-H contacts were found. Contact 
distances between hydroxyl hydrogen atoms and the oxygen atoms to 








01-HA: 2.08 8 2.68 8 144°
01-HB: 1.88 8 2.75 8 171°
02-HC: 2.08 8 2.68 8 135°
02-HD: 1.93 8 2.75 8 174°
Table 2.18 Difference Fourier Peaks Less Than 1.0 8 
From 01 and 02
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This proposed hydrogen bonding scheme conforms very nicely 
with the observed physical characteristics of the crysta l. The 
fact that the crystal scattered x-rays well and was rather hard 
for an organic sample, indicates that considerable intermolecular 
interactions are manifested in the crystal. This is pointed out 
in Figure 2.6 which shows that a parent molecule, through a 
disordering of the hydroxyl hydrogens, interacts with four other 
molecules. This hydrogen bonding scheme extends throughout the 
crysta ll ine  sample and explains why this particular monoterpene 
was able to c rys ta ll ize .
I t  is possible to classify the hydrogen bonding scheme based 
on two numbers
(N, M)
Where N is the number of hydrogen bonds per molecule, and M is 
the number of molecules to which a parent molecule is hydrogen 
bonded. For the molecule (10) we have (2 ,4 ) ;  that is , two 
hydrogen bonds (four 1/2 hydrogen bonds) to four different  
molecules. This gives rise to a polycyclic framework of 
molecules held together by hydrogen bonds. Table 2.18 shows 
that hydrogen bonds formed between molecules related by la t t ic e  
translations are not linear, while the hydrogen bonds between 
molecules that are screw-symmetrically related are very close to 




Figure 2.6 Disordered Hydrogen Bonding in Crystal Structure 
of (JO)
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hydrogen bond does not demand that the hydrogen atom be 
positioned such that a linear arrangement of atoms is achieved.
Inspection of the contact distances between participating oxygen
o
atoms shows that the molecules related by translation are 0.07 A 
closer than are those molecules related by screw-symmetry.
Valid ity  of the proposed hydrogen bonding scheme was 
substantiated by the success of the structure refinement process.
As was already stated, the structure was refined to an R value of 
0.0442 without the hydroxyl hydrogens. A structure factor 
calculation based on the refined model and the four hydrogen 
atoms, with site-occupation factors of 0.5, gave R=0.0410. I t  
was decided that any further refinement of the complete model 
would be done with the hydroxyl hydrogens at fixed positions (not 
to be refined). While this biases the other parts of the model 
to the benefit of the hydroxyl hydrogens, i t  was expected that 
such influence would be re la tive ly  inconsequential. Full matrix 
least squares refinement was carried out until the largest 
s h if t /e .s .d .  was less than 0 .1 . The final R-value was then 
0.0389. The significant decrease in the R-factor indicates that 
the model should be described using the disordered hydrogen 
bonding scheme. Another indication of model improvement is that 
the largest residual electron density in the difference Fourier
On On
map decreases from 0.25 e” /A to 0.12 e"/A on adoption of the 
disordered hydrogen bonding model.
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The evidence thus indicates that the crystal structure of 
( 10) is best characterized by a disordered hydrogen bonding 
scheme. This has the effect of describing each of the four 
hydroxyl hydrogen atoms as 1/2 hydrogen atoms. Another way of 
depicting the system is to consider each of the hydroxyl 
hydrogens to be present only 1/2 of the time.
A very closely related molecule (entry _13 in Table 2.16) is 
shown below.
H
( 1 3 )
While structurally  quite d iffe ren t, the s im ilar it ies  in terms of 
hydrogen bonding are obvious. The authors do not report any 
suspicions of hydrogen disorder in their explanation of the 
hydrogen bonding system. The refined structure gave a final 
R-value of 0.083. Such a structure would afford only an 
imprecise knowledge of hydrogen positions. The authors do report 
that the hydrogen bonding scheme involves translational as well
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as rotational relationships, just as those found in the system 
reported here. I t  is quite possible that hydrogen disorder may 
have been overlooked in the structural analysis of (13).
While i t  is possible to describe the crystal structure of 
( 10) using a disordered hydrogen bonding network, caution must be 
observed as this may in fact not be the physical re a l i ty .  I t  
might be that the structure is ordered with respect to the 
hydroxyl hydrogens, but the x-ray experiment is incapable of 
identifying the ordered hydrogen positions. Since the a b i l i ty  of 
an atom to scatter x-rays depends on the number of electrons 
present, and the degree of thermal motion experienced by the 
atom, the x-rays may be revealing a superposition of the ordered 
hydrogen positions, thus appearing as a disorder. A simple means 
for determining i f  this is correct or not would be to determine 
the la t t ic e  constants in a neutron d iffraction  experiment. Since 
the neutrons are d iffracted by the atomic nuclei, the hydrogen 
atoms contribute more s ign ificantly  to the d iffracted beam. I f  
the unit cell were determined to be larger than that observed in 
the x-ray experiment (probably 2x as large) th is  would be an 






The hydride ion has provided the basis for much stimulating 
research in the areas of organic as well as inorganic chemistry. The 
role of the hydride ion as a ligand in organometallic chemistry has only 
begun to be realized in the last twenty-five years.®®
While the presence of a hydride ion behaving as a single ligand on 
a single metal atom presents no particular problems in the realm of 
bonding schemes, the exact nature of the hydride ion as a bridging 
function between two metal centers has only been understood for some 
f i f te e n  to twenty years.7  ̂ Bonding in the M-H-M system has been 
proposed to be of the 3c-2e" variety.?1»72 This particular mode of 
bonding, as w ill be discussed la te r ,  helps to explain the fact that the 
M-H-M group has almost always been found to exist in a non-linear, bent 
arrangement.
The compounds to be investigated in this chapter result from work 
done on the anion p-H[Mo{CO)0] 2" by Professor Marcetta Y. Darensbourg of 
Texas A&M University. Professor Darensbourg has been interested in the 
chemical behavior of the y-HCMofCO),^" ion as the carbonyl functions 
undergo replacement by substituted phosphine ligands. Her research has 
demonstrated that replacement of only one carbonyl group by 
triphenyl phosphine (PPh3) produces the hydride bridged product 
u-H[Mo(C0)4PPh3][Mo(C0)5] - . 73
Addition of a second PPh3 leads to distruption of the bridged 
molybdenum system to give two neutral Mo(C0)4PPh3 monomers, with hydride 
extrusion.7  ̂ The PPh3 groups apparently possess too much steric  bulk to 
allow more than one carbonyl substitution to occur, without destroying 
the bridged system. By changing the ligand from triphenylphosphine to
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methyl diphenylphosphine (PMePh2) Dr. Darensbourg has been successful in 
generating and isolating various salts of the dimeric anion 
w-H[Mo2(C0)8 (PMePh2)2] - .
In a crystallographic study of the Et4N+ salt of the PMePh2 dimeric 
anion, i t  was found that the PMePh2 groups were arranged with c is-  
equatorial stereochemistry on the two metal centers of the an io n ,^  
(Figure 3 .1 ) .  This was a rather unexpected observation due to the 
steric  requirements of the PMePh2 group; in a similar compound,
[Mn(C0)4 (AsMe2Ph)]2, the AsMe2Ph ligands were found in trans-equatorial 
positions.^® In addition, i t  was observed that the phosphine methyl 
groups were oriented towards each other. The re lative proximity of the 
two PMePh2 ligands, along with the orientation of the ir  methyl groups, 
suggested that they might be joined by a poly-methylene bridging system, 
thus becoming a bidentate ligand on the two metal centers. The results 
of this research e ffort  have produced the two compounds whose crystal 
and molecular structures are discussed in this chapter: 
[E t4N ][(y r H)(u2-Ph2P(CH2)4PPh2) Mo2(C0)8] ,  J., and 
[Ph4P ][ (y r H)(u2-Ph2P(CH2)PPh2) Mo2(C0)8] ,  I .
Speculation has arisen concerning the origin of distortions in the 
metal-carbonyl framework. Considerable structural work has been done on 
the monobridged u - H [ M o 2 ( C 0 ) j q ] “  system with the different cations:
Et4N+, (Ph3P)2N+ , and K(crypt -222) +. 77 Special attention has been paid 
to cation-anion interactions in the crystal, and the subsequent changes 
in the metal-carbonyl geometry. For the two compounds discussed here, 
additional factors of steric  crowding of the phosphine ligands, as well 
as the geometry of the alkane bridge must also be considered in a 
discussion of framework distortions. Counter ion effects in addition to
78
Figure 3.1 Molecular Anion of [Et^N] u-H[Mo2(CQ)g(PmePh2 )2] 
(Reproduced by permission reference 73 and the American 
Chemical Society)
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the re la tive ly  rig id stereochemistry of the chelating groups as sources 
of molecular distortion w ill be discussed.
Experimental
Samples of both molybdenum hydride dimers discussed in this chapter 
were kindly provided by Professor Marcetta Darensbourg.
[Et4N][(u1-H)(u2-Ph2P(CH2 )4PPh2 )Mo2 (C0)8] (1)
A yellow crystal measuring 0.20 mm x 0.32 mm x 0.48 mm was chosen 
and mounted inside a sealed capillary tube to prevent crystal 
decomposition from atmospheric exposure.
Twenty-five well centered reflections, randomly selected from the 
diffraction  la t t ic e ,  were used to define a t r ic l in ic  c e l l .  No cell of 
higher symmetry is consistent with the observed la t t ic e  geometry. Since 
the empirical formula and la t t ic e  geomtry implied Z=2, the space group 
was assumed to be PI.
The instenities of 8230 reflections were collected using Mo-Ka 
radiation. Of these reflections, 6752 were found to be unique, with 
4720 measuring jFQ)>3a (FQ) used for structure solution and 
refinement. Data were collected in four octants; h, _+k, _+l, in the 
range 1°<© <25°. Absorption correction of the data was done 
(u = 5.90 cm"1), with re lative  reflection intensity varying from 0.9999 
to 0.8889 as a function of the phi angle; this is shown in Figure 3.2. 
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Table 3.1 Crystal Data for J_ and 2
[Ph4P ] [ ( y x -H) (y2-Ph2P(CH2 )PPh2 ) M o 2 (CO)g] ( 2 )
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A clear, yellow, crysta lline  fragment 0.28 mm x 0.36 mm x 0.56 mm 
was cleaved from a longer, needle shaped sample. I t  was necessary to 
mount the crystal inside a sealed capillary tube as a previous sample 
quickly lost c ry s ta ll in ity  when not protected from the atmosphere. This 
precaution proved to be successful as a plot of standard reflection  
in tensities vs. time showed no significant decrease as a result of 
crystal deterioration for the duration of the data collection process.
Indexing of the twenty-five reflections located by the SEARCH 
algorithm generated the monoclinic unit cell with the la t t ic e  constants 
reported in Table 3.1. A quickly scanned set of high angle data showed 
the following classes of reflections to be absent:
0 k 0 ; k = 2n + 1 
h 0 1; 1 = 2n + 1
The combination of observed la t t ic e  constants and systematic absences 
along with the knowledge that the d iffraction  symmetry was 2/m (the 
reflections h k 1; h k 1, and h k 1 were equivalent) identif ied  the 
space groups as P2^/c.
Of the 7390 reflections whose in tens it ites  were measured, 5723 were 
unique and 4402 measured |FQ|>3a (FQ). Data were collected using 
Mo-Ka radiation in the hkl and hkl octants in the range 1°<0<22. 5°.
Data were corrected for absorption (u = 5.52 cnT^). Tables 3.2 and 3.3 
contain the observed and calculated structure factors for _1_ and _2 
respectively. Atomic positions and thermal parameters are given in 
Table 3.4 for 1 and Table 3.5 for 2.
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t  P I " P 4ft -P 4 I •  3 3 1 n 355 5 3 * io  m
1 P 10 IftP •1 7 ft 0 3 10 1 1 * -S P ft 10 IP
? p m 4on } ■ * 1 3 |Q 48ft 5P4 m  m
ft P 10 i n * •  Pftft 2  3 10 1 *1 - 1 * 3 1 m  m
3 P i n IP I 111 ft 5 10 U P •  ISO 2 io  m
ft P 10 I I P 1 PT - 1  ft 10 211 211 3 m  m
7 3 10 1 1* •1  1* •  1 ft 10 IS * -S P * 11 m
b S i n i  * f t * 1 3 3 1 ft i n  p i s 207 -a i i  m
3 » m Pftft 3P7 2 ft m  s o * ■ S I3 t i  m
*  1 in *3 35 3 ft 10 p o s 221 0 11 10
1 i  in •  1* •4 1 4 ft  ft 10 223 •  1 ft* 1 i i  m
ft 1 1 i t s •  171 ft • ! 11 POft 1 *2 0 0 11
y - s  11 P lf t - ? * ? 3 - 1 11 i n * • p f t * 1 o i i
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1 * 3  11 517 •  374 1 • ? 11 71ft •  7 *0 • 3 i  i i
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0 -S  11 703 * • 5 • T  0 U  137 -1 4 0 - * S 11
1 - 3  11 IP ft - I P  1 • 4  0 11 5 *2 5 31 •S S 11
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d a i s  # * 4 •  3 4 1 )  1 *0 4 - | 0 *  #01
5 3 13 IBP n •  # 4 IS  SIT *  1#4 3*1  0 *  255
• 6  *  13 | * 1 • 1  4 13 #31 T » lf t *  191
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15 •  ISO 1 3 15 * 1 * •  ? b l • 1 ? b ST* •  STB • a b l b  2 7 * • • *
* | 15 115 * 1 1 5 a 3 15 ?*► I T l • I f b V I 35? ft i b  a * •  2
•  1 15 f t f t l 5 3 13 pbn •? bS •  I f b I M • f  IS ft l b  153 •  *
•  ] 15 •  11 •  a n * •  T 4 15 ?«T M l • I P b 140 133 I ft I b  * 1 5 •P
•  j 15 111 •  4 4 13 IM 111 • 1 ? b 1 *3 •  1*1 4 ft 1ft 1*7 • • 1
15 1 ** • «? 0 4 15 M 3 2 * 4 • •1 1 b 173 116 5 b l b  4 | f • • 1* | 15 PT? >07 i 4 15 110 • I f l •  11 b ? • > *? T b b 1ft I f tT • •  1
15 3 4 15 M * ? o i •1 1 b i  as •  l b b T ft l «  l * f t • •  1
15 •  • f tT •  4 5 1 3 1 *b 104 • • 1 0 *  f * l •  f * o 3 t b  2bO • •  1
15 •  3 5 15 •  1 • * a • •  10 b 1 TO |T 3 3 l b  2 * 3 •I
15 •  51? •  ? 5 15 4T • « i • •  10 b «b * 0 3 1b 11* •  I
15 •  1 5 15 •  04 « i a •1 0 b f  IT • P I * 3 l b  131 • 1
15 •11* 0 5 15 I I S • t b f • 1 0 b 111 10T 3 l b  *feS • 1
15 • 31 3 3 15 1«n i a * •IP * a r • * 0 • 1 3 I b  40? • 0
15 • • I T 4 3 15 ??• • I M • 1 6 *. lap 1 * ? 3 I b  14? • fa
15 31 1 • 4 b 15 1*1 ?13 • • 4 b i t * •I*T 1 3 l b  4 |b • fa
15 IM • l b * • 3 b 13 IT? ■ 33T • • b b If* ?** a 3 1 *  * M • D
15 P?f *f b 15 315 31 ■ • b b Iff • SOT • 4 • l b  2 23 0
15 31? • 5 5 ft - 1 b 13 151 -1 Tfc • 4 b IT ? 115 4 1ft 4T4 0
15 1 bb 0 b 13 t? b 11? • b b 4 ]P • a ?  5 a l b  100 0
1* I f t f t 1 b 15 u s •  1?T •  4 ft 3 *5 S3« i  I b  13ft l>
15 * U q ? b 13 •  s r ■ ?1 • b b f f * • f l a p *  I b  1 3 * • 1
15 l« b 1 b 15 M i • I S C • •a b 330 •35»* 1 •  l b  4T0 • 1
15 1 q* - I M ft T 13 i a b • i r a • • 4 b 355 135 * *  1ft a5f t • 1
15 •  IT •  I t •  ? 1 13 174 l b ? •a b 3 * a I f l 4 a I b  101 1
15 Pa*. f t T 1 a 13 1 a« I t * • 4 b 135 • 1*7 3 | b  *7 1
15 • ? * T • 1 • 15 ? 5 * • M S • a b 134 ifta 3 I f t  a i b 1
15 1*3 0 4 13 f  P4 104 • a b ?A4 ■ f  07 9 1ft * 0 5 1
15 2 * 3 A* 14 l b 11» I t ? • «T 4 ?«1 f f b 1 l b  11? • P
15 •  i n 1 - 14 i b 130 I f ? • •  T b 3 Of •  1C3 1 9 1ft 174 • 2
15 f b P * • 1 3 1b bT TT • -T b 445 • 4 4* I 1 I f t  I B * • f
15 Tb • b b »•11 IT M l ?»• 2 3 I T  145 • 3
1b 11? !■11 IT 1 3* • 140 •  ? T 343 35b S S I T  |P 3 • 1
I f t ?T« •  ? *S A* 1? IT 1 3* • 1 0 0 •  T T I I •  *1 4 J IT  ? ? * • 3
15 f f t b ?5b 2 * 1 ? IT 1 * 3 115 • 1 T 244 277 f  17 27ft • 3
l b fO k • I T * 3 * 1 ? IT ? 1 a • 2 0 f t • a T ? * 5 • ? T * P I T  1 * 3 * ]
15 •  f f f t * ? • ! ! 1 T 43 * 4 ■4 T f l f f i b 0 P I T  154 3
15 |h '- •  f fa? - 1 * 11 IT | f t * • 1  bT • b T 1 ]4 131 1 P I T  * f O 3
1b a * O- I I IT I T * •  144 • b 7 | ? 5 •  24b * P IT  103 1
15 151 1« 11 IT f  TP ?*1 • b T 5 * 3 a * * 3 P I T  * 4 3
I b f t l • ?b« ?•11 IT 130 • 113 • b T 5T» • 5 *3 5 4 I T  | * k • b
1b 350 5«1 1 IT 14? 133 • b 7 170 Ib b • a 1 I T  ? * 1 • a
l b 1 l b •  1 AT •  5*1  0 IT 15b • 1 5* • b t ena • ? 3 * 1 I T  T? #
l b 1*2 *1 Tb - 1 - t o IT ?*? • ? 3 « « • 5 t n a • 105 0 1 I T  a o i a
l b 1 *5 0 * 1 0 IT I M 1*1 • • 5 7 113 •  U l 1 I  I t  1 IT • 3
1 b •  t O f I - 1* IT a * •  TT • • 5 T l i f t * 1 1 5 1 I T  | B 5 • 3
1 ► ?TT ■ • 1 0 IT POb M l • • 3 T | | b * 3 ft 1 I T  1 3* ■ 3
1 » S?S •  35 J 5 - 10 IT ? ■* • ? 3 0 • 3 T f i b • * « b 0 I T  2 b * 0 5
1 *• ? M •  1 • b IT 1*0 • ? ? 1 • 5 t  a * •Bb 0 I T  230 • 4
lb • ? • ? •  3 • « IT > •0 1 3 * • 3 7 f  Tft * 5 * 6 I T  333 • ft
l b •  l b ? •  ? • * IT 314 •  153 • 3 7 |T 0 •  1 b5 0 17 4 * 5 • b
l b f i b 1 • b IT 10* * 1 •  4 7 14b •  I b b 6 IT  fOS b
lb 1P5 f • b IT M l •  ?40 • 4 7 I I P I f b 1 D IT  > ? * V
1b • ? • ! 3 • f t 1 T 14 3 ?13 «■ 7 U 5 •  l * b 1 it IT * 7 1 •  11
1b 1 0 T 1 I f 3 • b IT 1 *  T -? 1 3 • 4 t a? - 1 1 5 4 0 | I  I f t l •  IS
lb •  M l •  3 • a IT 1*1 1*2 • 4 7 407 417 3 1* IT  111 • I P
1b 1 T* 1 bb •  ? • a 1 T ??3 •? 0T •  4 7 11? •  l i b 1 IT  1ST •  12
lb •  I M •  1 •  4 IT 1 35 I1 T • 4 T fOb * 1 1 1 |T  213 •  12
1b Ib b 0 • a 1 T 143 I T * •  4 T 33* • 3 3 b 1 IT  1*7 •  11
1b ■ I I 1 •  4 IT 103 •» TB •  4 7 f a b f a a 6 1 IT  I f t l •1 1
1b * n * ?05 3 • a 1 T l * T I b i • •  3 T 431 •  4?T *  IT  f t * • •  | fa
1b •  ?5T • • a IT 151 •  13? • •  3 7 44b 461 P I T  P IS • •  »«
lb * 0 5 • l * q •  4 • i IT f b 5 ?*T * * 3 T l b * •  1TB *  I T  * 0 0 • • 1 0
1b IT ? •  3 •  7 I T M l • M l •  1 7  * 4 5 - * ? a * 2 IT 95? •  IA
• •T I T 1 * 0 130 •  S T 417 J * b 1 *  I T  133 •  l U
96
M ft L 1 H A t o r e
• • ft 1ft 3AO 121• ft 1ft ftOft • f t f ' 4• ft 1* »«» 217• ft I f t 414 •  114• ft I f t ft 3 1 l i f t
• •  ft 1ft 404 • o f t i
* •  ft 1« 210 221
•  ft i f t f t t f t •  221• ft i f t 404 ftft*• 0 i f t 144 •  144
•  ft i f t 1 04 1*6
*7 I * 444 •  400
•  7 i f t 41 1 1*4
•  7 I * f t l * 221
• •  ft i f t ! 4 t I f tf t
• •  ft ift ftftl •  214
•f t l « 14? 14ft
• f t i f t f t l l • 217
•f t I ft ?54 •227• -ft 1 ft 214 2*4• •ft ift 17ft • If*• •ft ift ft44 217
■ ft 1« 144 Itl•ft 1« 114 • 124•ft ia no 10ft• ■ ft ift in 1*2* • 4 ift 114 •224• ft ift ifto 47•ft ift 240 2*4■ ft ii 114 • 110• ft ift Iftft 41** • 1 ift 100 1*7
■• 10 aft >•4 •2*1• 14 ftO 144 ■ 1**• *4 ftft 142 111• •ft ftft 101 • 11 4•ft ftft 241 2*ft• ft ftft 2*ft 27 2* • 4 ftft 200 20*• • ft ftft fton • 274• ft ftO 224 • 224• Bftft 244 240• ft ftft 127 • 111■ • 7ftft 212 22*• -7 ftft lift • IM• 7ftft 40 1 04• 7 ftft 240 •207• 7 ftft 144 11«■ •h ftft 104 ■ 2lb* •* ftO Iftft 1 ft*•ft ftft 442 • 154•ft ftft l«ft 14 |• ft ftft 4ft • 41• •4 ftft ?I1 214•4 ftft 244 • 274•4 ftO 1 v« »*l•4 ftft 20ft • ftftft• ft ftfl Iftft • iftl
N K ft l « * n i n r c
my # j 14 1 * 4 1 * 4
m l •  7 1 * 4 1 4 •  • 2 *
•  1 •  1 1 * 2 4 0 2 * 4
•  1 1 * 2 * 4 •  2 1 4
•  1 1 * 1 «4 17 4
■ 3 1 * 2 * 1 •  2 9 *
•  « m l 1 * 117 14 «
• 1 m l i a 271 • f t T *
mg i* 2 0 " 21 7
m f l * 144 •  1 4 *
m l i* 121 Iftl
m l l * 141 •  J 27
•  I m \ i* ftftl - f t f t l
■ 1 l * 2 1 * f t l  1
•  3 •  1 i« 1 * 0 •  t o n
•  1 •  | i* 2 1 4 2 * *
1 * 1 4 * •  1 * 2
m \ i" 2 7 0 • 2 * o• 1 ta ;«« f t f t l
•  7 14 I f t l •  1*0
m l i* 1 * 2 1 \m
•  | t * 141 1 7 *
i * 2 7 * • f t * *
t * 1 * 4 1 * 4
i a f t ]  1 IOT
m l i * 111 1 1 *
•  | i * 1 0 * • 2 * *
i * 2 1 7 1 * 0
14 1 2 1 • 1 * 1
14 2 1 4 * 1 4
•  4 14 101 • 2 * 1
•  1 1 * 1 40 1 * 0
■ 2 1 * |4f t •  | * n
1» 2 1 4 •  1 * 1
m t 2 0 2 4 4 ? 7 *
•  | •  I 2 * 1 * 4 •  110
•  4 20 117 141
•  ■ 20 2 7 * • 2 * 4
•  4 •  1 20 f t f t l • f t f t *
•  1 •  1 2 " I  7 * •  1 * *
•  3 ftO Oft * 7
•  3 2i> 100 •  1 1 *
•  1 20 * 4 1 f t *  7
•  3 m l 20 2 * 0 2 * 4
• 2 m l ftO 1 14 •  1 10
m f 2 " 2 * 4 ftOO
m l f t " 1 44 •  117
* 2 f t * 1 44 1*0
» 4 •  | 2 0 24 f t • 2 4 4
•  | 2 * 1 * 0 •  1 * 4
m\ 2 0 f t ? * 2 * 2
•  ] 2 * 1 ' « •  l a *
•  1 f t * 1 * 4 17 4
m l * 0 2 1 2 •  2 h«
m l 20 ? 4 4 - f t l l
2 * 1 04 2 2 *
•  | 2 " * 4 H • 2 7 "
ft« ?4 h f t i *
2 * 1 * 4 1 Oft
2 * 1 1 4 •  1 7 *
4 0 L !*n> tare
2 1* ii* ii*ft 1* ftin •270• 5 1* 100 ftftft■ 1 1* 242 •ft*01 t * 11* oa11* ftft* •1*43 1* 1*1 110• « 1* 177 •210« 1* 2 02 1*14 1* 2*3 ■ 2*1• 4 1* 1*0 m■ 4 1* 2*0 •2*2• 4 10 ftftl ftl*• * 1* 1*1 ■ 1*1• 12 1* 107 107• 12 !■ ft** • 2*0• II I* 1*1 147*11 1* *2 •*0• 11 1* 1*4 1*0• • 1* 1* 21* 22*• 10 1* 271 •20*• 10 1* 114 1*4• •0 1* 210 •2*n• •0 1* 171 17*• •0 1* 241 • ft*!•0 1* 02 •64•0 1* 2*7 271■ 0 1* 20* •204• •a 1* 210 244• •* 10 21* •101•* 10 *2 62•* 10 17* • 164•n 10 1*2 142• •1 1* 244 ft«o
1 2n 114 1*1• 4 20 1 II 0*• ft* 120 •114• 10 ftl 2?4 20ft•10 ftl 10* • 1*0• •0 ftl 2*1 • 2*0• •0 2! 2** 271•0 ftl ft 10 224• • * 21 1 7* • 1*5• •* 21 241 2*1•a ftl 11* • Ml•n 21 i«n 11?• •7 ftl 101 ■ 1**• •7 ftl 127 142■ Tft) 122 401•7 ft) 2*1 •ft**• •* ftl 2*4 • 20*« •a ft) lift 104•a ft) 224 • 224■h 21 2"* I"?•4 ftl 1»1 • 1*0■ •4 21 *1 74• ■4 21 IM • 10**4 21 12) •121■0 21 ft 7* 2*0•4 ft) 2*0 •ftftft
* * L 10*0 l o r e
10 14* •104A 10 197 •  11*
1 19 2*2 2*2
ft 10 4*0 • 0*44 10 1*4 17ftto 2*0 •?Sfl• ) 10 ftftft •21*It 10 11* *111 10 100 ■10*
* to 227 21*4 to ft** ■24?10 1«? -2)1to 2*1 2*0
A 10 1*4 20?1 10 174 •  14*1 10 ft 37 ftlft10 ftfto •ftOf)1010 121244 in•2*4
1 10 240 2*0
i 10 ft 07 •00*4 10 1 3* Iftl
1* 2*0 22*10 *  ft* *  *  *  410 20* 20010 2*1 • 2*2
ft 10 *fta • 1?
1 10 240 •  1ST■4 1* 204 10*• A 10 137 •  1 *0





l i f t
•1011 7021 24* 102
ftl 20 J*300
1 1 11 1 11*
ft ftl 1*3 •30*0 21 276 ftk*0 ftl 10* 1*7
ftl 1*7 •  17*
1 21 14* I T *
ftl 1*0 • 17ft
ft 21 1 *4 14421 170 • |0A
ft] 44 • Oftu 21 ??! 2720 ft 21 140 • 3*74 ftl 1«1 ?')4121 14* • 140121 2*1 23*00ftftftft 144244 1*4 • 2*40 ftft ft I-3 140
n ft? 2*1 1 *1• 1 A ft? 141 •)*?
t 2? ft l)l> ftl*
m ft i  i « * n  ia?c
ft * 2 o  10 4 2143 •* 0 2*1 •ft*?■ • •) 0 114 • 14*• 2 *1 0 t*i 44*A #1 0 ftO* • 3071 •! 0 02* 140? *1 0 2*7 • ?**•* 0 0 204 24*•4 0 0 20? •?M
• i y 0 37* • 1*3r n3 o • ft) 1•211
a o 0 240 ?M
•  5 1 *  21* 211•2 1 0 140 • 10J0 1 0 113 130• 4 ft o  ftl* • JOA* 2 0 1*7 1*41 2 0 *4 •01ft 2 0 t il • 1303 ft 0 ft?* 221
• 4  1 0 ftOf 200• 1 1 o  ft?4 • 2)00 1 0 t ? o 110I 1 o «0T• ftO*2 3 0 203 C11•ft * 0 1 1 1 ■ 12*• 1 • 0 ftl* >30
ft • 0 02 7*0*1 I 0 * 4 0 • ??41*11 0 2*2 211•ft *10 * 1*2 1*3
1 *7 * U* 1*0
ft -7 ?  1 7 0 • in*1 • * ft 100 1 0 *ft •* 2 341 • 12?0 -4 ? 17* 103I • * 2 14* • 171
•  1 • * 2 *2 OA
• 2  • * ? 270 • ft ?■•I •■ 2 ??* ??l• 1 •! 2 ftl? • 104•1 -2 2 ft?? ml? 7•2 -ft 2 1*3 1*0A •? 2 *1 •04ft - f t 2 237 223Q •! 2 2*4 • ft**1 -I 2 2*7 ft**•ft )» 2 141 ISO• 1 0 2 ft«C •  ?0«
• 1  1 2 211 *?10
• f t  • * 3 1 ?4 0 *0 •* 1 i a * ISO1 • * 1 2?3 •220•1 *4 3 I*'* 103
u  - 5 « ITn • 144•2 1 274 274o «3 3 00 71
k IP fQ  I9 9 C M *  k t o r *  lo r e ■ ft k lo r e  lo r e f t  k t o r e  t o r e 1 ft k t o r u to re
• I f l  - I f l •  2  0 142 -1 2 1 /  *  0 2 / 2  2 94 | j ft 9 1 *7  - 1 * 3 2 13 0 44 3 4 la
ft ft 2  7 7 0 *  4 77 7 9 9 2 27  - 2 * 7 2 7 9 734  -7 3  » 3 13 0 * • 9 -? 2 »
• I I T f - l M f 10 2 0 727  -7 3 0 9 9 0 4 99  - 4 * 1 3 9  9 1 0 * 2 -1 0 * 3 4 13 0 * 3 d - 4 3 1
0 IJ 9 9  1 )1 1 12 2 0 4 74  4 *1 1 1 9  0 991 7 *4 4 9 0 133* 1347 ft 13 0 4 9 * bu>
0 9 3  -9 2 9 14 2 0 427  - 4 2 * 13 9  0 •3 0  -4 4 9 4 •  0 799  741 ft 13 9 324 3 *9
0 I I )  979 1 3 0 * 9 7 4 - 2 1 3 * 14 9  0 249  - 2 7 0 * 7 0 7 * 7  -1 3 7 11 13 0 *M7 b l4
0 I M  - f t« 7 2  3 0 3 * 9 7 -2 9 7 * 0  4  0 773  7 2 * fe 7 0 * 1 2  473 1 14 0 224 2 2 1
0 I N  - l i b J  2  9 m  - i i * 1 4  9 1077 1091 10 •  0 299  -2 1 0 7 14 0 2 2 * 2 19
• 1 *17  t i l l 4 2  0 1924 1970 3  4  0 3 1 9  221 I i 7 0 l i f t  - 2 7 9 J 19 0 1 *b -1 1 4
0 1 21  Ib D 9 3  0 2 01  249 9 * 0 1 17 2 - 119b 0 10 0 377  - 3 * 7 0 1* 0 923 940
0 1 9 1 4 -1 9 9 4 •  3  0  J 0 l4 - 1 9 ? b 4 4 9 310  2 *9 1 10 0 219  - 2 7 * 2 1 * 9 741 -7 * 1
0 J i m  - 3 * 0 7 3  0 2 20  3 22 7 * 9 1039 1 0*3 3 10 0 913 1923 2 14 0 iO * -321
0 9 J 7  » | f 9 J  0 1204 1391 9 * 0 4 2 *  - 4 * 1 4 10 9 3 * 4  - 3 * 7 4 1* 0 334 40a
0 2 9 0 9 -2 9 9 7 10 3 0 394  -4 1 3 10 *  0 3 37  3 J I 4 10 0 1 * 4 4 -1 4 2 0 ft 1 * 0 3 9 * -3 J 4
0 1199 1110 12 3 0 • 9 1  2 97 I I  *  0 4 37  941 7 10 0 1071 1072 1 17 0 **Q - • 7 9
0 2112 2 9 * 2 Q « 0 2 4 3 7 -2 3 7 2 2 7 0 V IU  9 1 * 7 10 0 9 14  - 4 2 * J 17 0 4 0 * 407
0 1 b3 1 - 1 1 1 ) 1 4  0 9 1 *  7 * 7 3 7 0 747  9 03 10 10 0 17ft 120 9 17 ft 373 -3 9 2
0 1 2 1 9 -1 1 9 9 2 4  0 7 2 2  -9 1 2 •  7 0 4 19  -4 2 2 11 10 0 2 ft*  2 32 * 17 0 199 201
0 1J99 1 1 *9 3  4 0 * * U  3 77 9  7 0 3 * 4  - J * « 12 10 0 231 - 2 * 3 0 Ift 0 •  I f -7 2 2
0 1 2 0 9 -1 2 2 9 4 4 0 493  4 92 4  7 9 •9 1  *9 9 1 11 0 1 2 4 4 -1 2 7  1 2 1* 0 *11 •  19
0 790 9 0 2 9 4 0 497  - * 7 4 7 7 0 * 4 0  - 9 * 7 2 11 0 370  - 3 7 * 3 17 0 2 10 • 1 * 3
9 1 1*7  1 IQ 2 7 * 0 a v *  4  tb 10 7 0 391  4 09 3 11 0 797 7 * 9 4 19 0 4 9 * -7 4 9
0 1 1 * 7 -1  W 4 « « 9 4 1 *  7 2b 1 1 7  0 2 71  - 2 4 * 4 11 0 2 * 4  - 3 9 0 9 17 0 192 231
9 109 -3 7 ft 7  4  0 4 * 4  -4 3 b 13 7 9 391  3 99 4 11 0 392  -3 7 0 1 19 0 4 0 * 3 7 *
0 792 ) • • 10 *  0 * 4 3  - 4 7 7 0 7 0 1724 1 *1 7 7 11 0 3 * 3  3 7 * 2 19 0 J i l -J 4 e
0 224  2 1 * 11 4 0 2 * 7  -2 3 7 1 9  0 9 9 *  479 11 11 0 4 *0  - 4 4 7 4 14 0 4 J4 423
9 2 * 7 4 -2 9 9 4 I i  4  0 171 13b 2 9 9 209  -2 2 2 7 12 0 1 2 7 3 -1 2 *9 •1 0 1 1 *7 4 • * 7 2
0 J * 1 241 1# *  0 129  -9 7 3 9  9 1 7 2 7 -1 7 3 9 2 1* 0 1 1*7  1 1*1 -4 1 1 9 0 * 937
9 1272 1294 1 9  0 1 *9 7  1 7 *7 4 9  0 2 44  -2 2 9 3 12 0 219  2 32 - 7 1 1 4*1 *4 3
0 1 14 9 -1  H i 2  9  0 * 7 *  7 2 * 9 7  0 1474 1497 b 12 0 173 - 1 * 1 * • 1 1 * * 2 -7 3 3
0 2 H 2 - 2 1 1 1 3  9 9 1007 - 9 7 * 7 * 9 1 * 3 1 -1 9 1 * • 12 0 4 7 *  -4 3 3 • a 1 I 1 4 2 0 - 1409
0 1091 1147 4 9 0 t 2 * * - 1 2 9 4 9 7 9 0 39  7 1 * ft 12 0 *4 7  491 - • 1 1 1224 1210
0 249  2*M 9  9 0 2 * 4  2 92 10 9 0 3 29  327 10 12 0 424  -9 1 3 -3 1 1 1 2 4 * l i f t *
9 999  -  9  9 9 •  3  0 7 * 7  9 7 * 11 9  9 4 7 ft - 4 f t * 1 13 0 1 1*7  l i f t * - 2 1 1 * 1 J -4 1 7
O i l  - 9 0 2 - 1 4  3  1 3 1 *  -3 4 7 1 * 1 1 1 2 * -1 0 * 9 13 9 1 727  722 * • 7 1 2 94 270
1 2 9 7  -2 9 7 -1 1  3  1 4 * 0  -4 7 1 2  4 1 1 9 7 9 -1 *7 1 14 a 1 229  22b - 4 7 1 * * 4 -7 0 4
1 4 2 2  4 10 - 1 9  3  1 4 2 *  *0 9 4  ft 1 7 0  *  929 - 1* *  1 7 0 *  - 7 1 * -4 7 1 1231- 1204
U 4 J  1304 — 7 3 1 a * *  a * o a  4  1 4 7 *  - 9 0 2 • 1 3 *  1 1 *7  - 1 4 * • 3 7 1 1077 l i f t *
1 1 2 7 1 -1 2 7 4 -4  3  I 9 4 *  - 9 7 2 *  4 1 1 0 0 7 -1 0 0 * -  i i *  1 • 1 7  * 2 ft - 2 7 1 1 **1 1 4*3
4 22  - 4 1 7 * 7  i  1 • 7 *  - * » 1 7 4  1 1 1 9 * 119* —11 *  1 309  292 -1 7 1 1 1 *1 '•1292
4 99  499 - *  3  1 100 7  1070 7 4 1 * 9 9  *7 4 -1 0 *  1 1 7 7 2 -1 1 0 9 9 7 1 2 3 3 * -2 3 * 7
1 7 74  7 70 - »  3 1 1319 1270 7 •  1 9 74  - * 7 9 - 7 »  1 • 2 *  * 4 2 1 7 1 1392 1929
9 09  -4 9 7 - 4  2  1 1 2 3 7 -1 1 7 * 11 4  1 4 1 *  400 - 7 *  1 1 * *  - 2 0 * 2 7 1 1109 112*
2 0 7  279 - 3  3  1 * 2 7  —427 -1 4  9  1 172 214 *  1 3 92  31 ft J 7 1 1 42 7 -14 2 1
2 4 0  2 1 2 - 2  2 1 1007 1019 - 1 3  9  1 7 * 2  -7 9 7 - 4 *  1 3 33  3 1 2 ft 7 1 3 3 * 491
2 99  2 9 * 0 3  1 1 0 *3 -1 9 2 0 • I I  9  1 9 4 *  939 - * *  1 7 0 *  - * * 9 ■ 7 1 3 *9 332
419 - 1 2 * 1 3  1 2 * *  2 * 9 - 9  9  1 7 19  -7 7 3 - 3 *  1 1 *0 7 -1 4 9 0 9 7 1 k * 4 - f t f t f t
1 941  9 2 9 2 2 1 9 4 *  - 9 0 0 —7  9 1 472  4 2 * -2 *  1 234 3  2 *2 7 10 7 1 727 - 7 * 0
411 4 2 * 3  3  1 1 7 3 4 -1 7 0 7 - 7  9  1 9 0 *  497 •1 *  1 1274 1311 I I 7 1 * 7 * *7 7
7 94  - 7 2 2 *  3  1 133 - 7 * - *  9  1 4 29  - * 1 7 0 *  1 2 9 9 4 -2 0 * 4 12 7 1 •1 1 937
1 • 4 4  - 9 1 * 9  3 1 • 0 2  907 - 9  9  1 7 79  904 1 *  1 2 9 1 0 -2 9 4 4 13 7 1 941 - * 4 3
1 2 9 2 9  1779 4 3 1 1 1 3 4 -1 2 3 7 - * 9  1 3 44  3 *3 2 *  1 2431 244 7 •  12 * 1 •9 3 -4 9 7
1 2 9 7 9  1 4 4 * 7 3  t 9 0 a  -9 1 « - i  9  1 1 4 7 2 -1 4 9 9 4 *  1 7 7 *  -7 3 7 - f t 0 1 4 * * - f t f t l
1 3 0 * 2 -2 0 1 1 7  3  1 1339 1337 - 2  4  1 1 7 0 2 -1 7 *9 a *  1 327  - 2 2 7 - 7 7 1 474 9 *4
1 2 1 7 -1 2 4 * 7 3  1 9 9 2  977 - 1 9  1 1707 177? * *  1 4 10  J » 5 - * ft 1 393 4 3 *
132  120 10 3 1 4 17  -9 3 1 9  9 1 2 7 4 9  274 0 7 *  1 342  - 3 3 4 - f t 7 1 * * 4 - * f t 7
1 4 9 *  9 1 4 -1 2  *  1 * 9 7  -4 1 f t 1 4  I 1 * 4 1 -1 9 * 7 7 *  1 4 *9  914 - 3 ft 1 4 79 *1 9
1 192  4 22 - I V  4  1 4 1 3  421 2  4 1 7 7 *  7 *1 7 •  1 • 7 *  * * 9 -2 ft 1 2 9 * -3 1 9
3 9 4  273 — *  *  1 3 a 7 -3 7 4 3 4  1 1 *07  1 *0 9 10 t  1 7 1 *  - f t l * - 1 ft 1 207 17a
1 1042 1900 f  4  1 7 * 7  -7 4 4 4  4  1 3 97  - 2 7 0 11 *  1 7 43  -7 1 0 9 9 1 7 1 * 939
143 - 1 4 0 • 7 * 1 1179 1142 4  4 1 1 1 1 7 -1 1 3 3 I * *  1 *1 2  * 7 7 • ft 1 441 * • 2
1 *1 3  1422 - 4  4  1 3 41  3 * 7 4  4  1 7 7 7  731 13 •  1 * 4 4  * 7 7 2 ft 1 370 • 2 9 *
1 4 * 7  7 23 - 9  4 1 4 * 4 9 -2 1 9 1 7 4  1 4 3 *  402 I * *  1 • f t J  - 4 * 7 4 ft 1 9 4 * ftf t ft
1 401  - 1 4 b • 4  4 1 1 0 4 2 -1 0 9 1 7  4  1 1 1 4 7 -1 1 7 * - I J 7 1 *9 4  * 9 9 * ft 1 4 3 * -4 2 7
7 33  - 7 9 * - 3  4  1 1117 1 0 *7 9  4  1 409  443 -1 1 7 1 4 * 9  - 4 * « 7 b 1 *1 4 • 2 *
3 02  4 77 - 2 * 1 7 11  -7 9 7 ID  9 1 * 0 1  f e l l - 10 7 1 140 -1 0 0 ft ft 1 249 -2 1 7
492  4 4 * - 1 4  1 7 3  20 11 4 1 4 2 *  -4 2 2 — 7 7 1 739  797 9 ft 1 2 03 -2 2 7
1 2 44  - 3 2 1 0  4 1 1427  1379 12 4 1 7 44  1 1 1 -7 7 1 4 * 9  - 4 1 9 I I 7 1 4 *0 •  43
Table 3.3 Observed and Calculated Structure Factors for 2
98
• a  i . t o n  to r e • K 4 t o * o  lo r e • « L t o r o  lo r e • • 3 1070 t o r e • •  s  i« r o 1«Tft
U 1 313  -2 4 9 • * 11 1 2 * 9  295 * 12 1 2 0 3  129 7 14 1 740 7 30 - 4 i *  i  i * k Ift#
- 1 0 1 214  -2 0 3 •5 I I  1 4 3 *  433 9 12 1 3 3 *  3 42 • 14 1 559 5 0 3 - 2 19 1 3 *a •3  f t j
- • i 279  244 - 4 I I  1 2 7 4  313 11 12 1 4 0 ft -5 9 1 9 14 I 552 -5 4 0 - 1 I *  1 44ft - •» /
- 4 i 424  - 4 7 0 - 3 11 1 1 * 4 a - i4 k * -1 1 13 1 394 - j | l 10 14 1 172 -2 0 7 1 1 *  1 33ft JkO
- 4 1 400 -3 2 7 -2 11 1 143 -1 0 5 - 1 0 U 1 M 3  501 • f t 15 1 430 4 4 3 3 19 1 57k -5 * 7
- 4 1 479 4 7J - 1 11 1 133ft I2M * - 9 U I 3 34  3 50 * 7 15 1 4 7 * •  70 5 1* 1 353 402
- J i 749  902 0 11 1 7 45  743 - • 13 1 * • 5  - 4 * 5 - f t 15 1 720 -7 1 0 4 1*  1 2ka 2fts
- 1 I 473 -4 4 2 1 11 1 13(11 -13*0 - 4 13 1 727  719 - 5 15 1 410 -3 7 4 - 4 I f  1 43ft -4 ftk
1 I 494 4 4 7 a 11 I • 2 *  -5 1 3 - 4 U 1 909 • 1 2 1 - 4 15 1 542 5 52 -3 19 1 350 -J 5 f t
2 i 442  - 4 1 1 3 11 1 472  4 40 - 3 13 1 171 15ft - a 15 1 294 3 04 -  | 19 1 f t i f t 4 ft7
J i 320 J4 2 5 11 1 29 ft -3 4 1 1 U 1 790 794 1 15 1 234 -2 1 1 0 19 1 149 200• 1 444 -9 9 0 ft 11 1 2 * 3  2 5 * 2 13 1 434 -4 2 9 3 la 1 557 541 1 19 1 292 •2 4 3
* > 271 247 9 11 1 51a  -4 7 J a 13 1 1 30 4 -12 5 1 4 15 1 432 - 4 k k 2 19 1 227 -2 2 3
7 i 300  300 9 I I  1 7 *1  T U 4 12 1 •4 4  414 5 15 1 579 - 5 * 2 4 19 1 •3 3 ft2«
V 1 304 - 3 1 4 10 11 1 5 * 0  551 5 13 1 902 913 ft la I 553 5 03 Q 2 * 9 * - 4 * 5
- i a 1 244 -3 4 4 11 11 1 3 29  -3 4 9 4 13 1 4 9 9  - * 7 3 7 IS 1 421 391 - 1 3 0  2 530 —5 01
- i i i 324  -J 4 0 la 11 1 371 -3 4 1 7 13 1 2 * 3  -2 4 1 * 15 1 3 *2 -3 9 2 -1 2 0 2 1000 lO u»
-1 0 1 424  309 • 1 0 la  1 2 44  -3 0 a • M 1 334 3 55 9 15 1 4k2 -4 5 5 -1 1 0 2 174 Iftft
- * i 443 -4 0 4 —* la  1 31 *  291 9 13 1 2 7 J  214 -7 Ik 1 290 -2 7 7 - 1 0 0  2 1 0 U — 9 *5
- * » 4 44  792 - l 12 1 447 -4 4 1 10 12 1 M 7  -5 » 9 - k U 1 440 -4 1 7 -9 0  2 1000 -9 8 9
- a 1 243 291 - • la  1 X t i  2 2 * - 1 0 14 1 2 2 *  * 3 * - a Ik 1 SOI >0 9 0 2 7 *2 711
-a i 1094- 1931 - 5 1-  1 * 5 J  9 0 * - 9 14 1 3 51  -3 5 k - 4 14 1 307 2 * 4 - * 0  2 47ft 43k
0 i 797 4 3 0 -4 la  1 7 7 *  -9 2 4 - « U 1 214  -1 3 1 -a Ik 1 * 4 * -4 4 4 - 5 •  2 454 —4 tJ
i 1 7 03  773 - J la  1 57ft - 5 4 * - 7 14 1 7 *1  7 *4 -a Ik 1 294 -3 0 1 0 2 U 5 7 - 1 J / I
2 1 749 -7 7 4 -a 12 1 937 949 - 4 14 1 937 -»*9 - i Ik 1 203 2 7 4 - 1 0  2 132 J 13«7
3 i 342 - 3  74 - i 12 1 3 ft»  391 - J 14 1 420  *2 4 4 14 1 2 57 -2 7 4 0 0  3  la 1 7 -1 f t« J
4 i 3«7  291 0 12 1 ia a « - i a * * -1 14 1 255  -2 4 2 5 Ik 1 2 40 293 1 0 2 - * 2 J
7 i 110 - 1 9 * i 12 1 3 9 *  - 3 * 1 0 1* 1 3 7 *  3 0k k Ik 1 a n 2 4 * a 0 2 1077 10*7
• l 437 - * 1 7 a la  1 5 4 *  431 1 u 1 2 24  -2 2 0 7 14 1 2 *5 -3 2 9 3 0 2  I k l a l a f t j
IP 1 499 7 2 * 3 la  1 2 * 2  -3 0 7 ft u 1 • 7 f t  - * 9 * « Ik 1 *41 -4 4 0 4 0 2 302 -3 0 7
12 i 4 M  -4 2 9 4 12 1 4 99  - 7 2 * 3 14 1 •  4ft * 7 * -5 17 1 149 192 5 o a 3 0 i - 2 7 *
- I I i 3 *0  434 5 la  1 4 4 4  4 94 4 14 1 *4 1  454 - 2 17 3 *7 304 k 0 2 740 49k
- 9 1 343 -3 4 7 ft l a  1 370  3 7 * 5 14 1 494 -7 3 0 1 17 1 194 If tf t 7 0 2 •  U •*  10
- • 1 204 193 7 la  1 •ft* -4 4 0 4 14 250 -2 7 1 - 5 10 1 2 *0 243 • 0 2 JOJ 29a
9 2 1 *44  1493 - 7 2  a 311  329 ft 3 2 241 -2 3 3 - 5 5 a *2 0 541 7 2 503 -5 5 1
10 2 303 -3 1 1 - • a  a 11*9  1150 7 2 a 13*4  1344 -4 5 2 400 3 *1 -1 0 7 « 4 *8 4 7k
t l 2 1 3 1 0 -1 3 4 1 - 5 a 2 • 7 4  -9 1 0 « 3 2 1 *5  -111) -3 5 2 1 4 5 5 -1 5 0 7 -9 7 2 704 *5 3
1J 2 »4> 942 - 4 a  2 * 4 0  -4 1 9 9 3 a 1 02 1 -10 4 7 -a 5 2 1 03 2 -17 7 9 -M 7 2  7 *2 - 7 * f t
14 a 3 92  -3 3 9 - a a a JOOO -9 0 k - I J 4 a 2 32  2 4k - i 5 2 2 7 3 * 2 * 5 5 •7 7 2 1O 14H O 10
-1 3 2 *4 3  449 - i a  a 1 0 7 7 -1 0 *3 -1 2 4 a •4 4  -4 1 3 i 5 2 SOI 414 7 2 117a l i f t )
- 1 3 It 022 000 i a  a a i k  243 - 9 4 2 • f t f t  414 ft 5 2 1 11 9 -11 1 0 - 5 7 2  1004 1057
• 1  1 a 4 34  —*3 4 a a a 7 * 0  - 7 * 4 - • 4 a 790  742 3 5 2 494 4*9 7 2 9 4 * -9 U J
- 1 0 2 0 7 *  - O i l 3 a a 1 2 - 94 - 7 4 a 135 *0 4 5 2 542 S if t - 3 7 2  99 J -  1021
-0 2 4 24 401 4 a a 1441 1 * 0 * • 4 4 2 1 41 3 -14 4 0 7 3 2 77ft - 7 2 3 -a 7 2 755 707
—7 2 213  2 10 4 3 4 2 1 *  -1 9 7 - 5 4 2 3 9 ft 415 • 5 2 •a s -4 7 5 7 I  H i * 2 )
- 4 a 294 - 2 * 4 4 a a 1 5 4 0 -1 5 0 2 - 4 4 a 1749 1775 9 5 2 47k 512 i 7 2  1035 lO k l
-4 a 2 4 *  - 2 * 4 * a a 1021 9 5 * - 3 4 a 7 34  717 10 5 3 401 5 * 3 3 7 2  *44 —433
-4 a 403 -4 0 9 9 a a 713  - 4 * 0 - 2 4 a 2 *4 0 -2 4 9 9 11 5 2 2 5 4 • 2 7 * a 7 2 1 3 *5 —1399
* 3 2 720 7 2 * 11 a a 4 7 ft * 7 * -1 4 2 1 3 5 7 -1 4 3 4 12 5 2 a IJ -2 1 9 4 7 2 4*9 459
- 2 2 320 9  3 19 7 13 a 2 5 25  -5 2 2 0 • 2 1301 133J k 2 222 - 2 3 4 a 7 2  972 9 5 *
- 1 2 2 2 9 4 -2 2 9 3 - 1* J  a 3 7 *  3 * 4 1 ft 2 1454 1424 - 1 2 4 2 230 3 25 k 7 2 5 1 * - 5 U
0 a 2 9 4 0 -2 9 0 4 • 1a a  a 3 1 *  - 3 2 * 2 • 2 1503 1459 -1 0 4 2 445 -4 7 3 7 7 2 1014 - 9 5 *
1 2 1930 2 031 -1 1 3 a 157 -1 5 k 3 4 2 937  4 *7 —4 4 2 491 4 * 0 • 7 2 f t f t f t *7 0
2 2 2091 2 0 * 0 - * 3  a 3 09  -3 0 1 * 4 2 3 5 2  -3 5 3 - 5 5 2 105* 9 *1 9 7 2 57k 5 *5
3 2 1 3 1 0 -1 3 2 9 - * a a 3 4 4  334 5 4 2 4 * 7  *2 7 - 4 4 2 575 - 4 3 0 10 7 2 312 • 3 * 3
4 2 1 1 1 9 -1 1 *2 -7 3 a 4 9 J  3 *4 ft 4 2 5 42  5 9 * — J 4 2 3 1 * 4 -2 2 2 * 11 7 2 2 *7 -2 9 3
4 2 • 4 4  799 - • 3 2 7 9 /  -5 1 7 7 * 2 2 5 5  2 *1 -a 4 2 * 7 * 7 0J 12 7 a 177 a i *
4 2 3 * 0  -3 2 5 - 4 a a • 5 9  - 5 7 k • 4 a 1 1 1 2 -1 1 5 9 - i 5 2 415 441 - 1 3 *  a a o / 2 U
7 2 4 14  072 -4 3 a 1 4 *4  1455 9 4 a 4 20  *4 0 > 0 ft 2 1 3 2 4 -1 3 2  1 •  2  377 38ft
4 2 4 9 9  7 0 * * 3 a a 3 5 4  3 *4 10 4 a 9 45  97k i • 2 •3 9 - • * 1 *  a 5uo —4 95
10 2 1 4 * 4 -1 1 0 4 -a a a • 5 7  - 4 * 9 12 4 2 * 3 k  -4 5 4 2 4 2 475 - 4 7 * - 0 •  2  91* -9 1 0
11 2 4 10  J7Q -1 3 a 1 1 0 4 -1 0 *7 13 4 2 299 - 3 * 3 3 ft 2 7 *1 7 20 * 7 •  2 *Oft •0 3
13 2 4 0 9  4 * 4 0 a a 9 5 *  949 14 4 a 317 351 7 4 i 429 - 9 9 * •  2  1 05 * 1 0*5
14 2 749 -7 5 7 i 3  a • * 7  424 -1 1 9 a M O  *4 7 9 4 2 4 *2 4 * 0 - 5 •  a  9 * i - •1 *37
- 1 4 2 229  173 a a  a 494  *7 2 - 1 0 9 2 4 J 1  -3 9 k 10 * 2 355 • 3 * 5 -4 •  2 1105”  1 1 5 *
-1 1 2 197 177 J a a 1 0 3 5 -1 0 *1 -4 5 a 2 9 0  -2 5 f t 12 k 2 3 2 * 3 1 7 •a •  2  75a •  05
-1 0 2 440  4 4 2 4 3  a TOO 7 40 - 7 5 2 2 3 *  - - S 3 ia 4 2 3 93 3 5 7 -a •  2  443 4 7 *
• a a • 9 5  -4 3 4 5 a a * 5 2  -9 9 9 -4 5 2 177 -1 4 9 14 ft 2 3 *9 • 2 1 k 0 •  2 241 2 2 *
99
J  1  1 t o r o W C 0 ft 4 lO lv 107C • ft f t 10 70 lo r e 4  ft 4  1020 109C f t  ft S. IO fU 1074,
1 1  2 221 194 - 2 10 2 J2« -3 0 4 -3 12 2 474 40? - 3  1a 2 t? 3  - 1 * 4 19 2 d id •d O l
J  •  2 441 -7 0 1 -1 10 2 7 1 J 711 - 3 12 2 991 • 4 9 0 - 1  19 2 214  191 3 19 2 31d 3 2 /
4 •  2 114* 1109 0 12 2 372 3 77 - 1 12 2 1 4 3 9 -1 9 2 3 0 19 2 >40 4 9 * - 1 4  1 J 2 « j l a y
*  *  2 910 • 0 0 0 1 10 2 094 •9 7 9 • 12 2 320 344 2 19 2 3 ft0 - 3 7 * - 1 1  1 J ft 49 -J f t f t
*  f t  2 1 1 4 4 -1 1 4 3 d 10 2 13»2 1341 1 U 2 1499 1410 3 19 3 492  4 4 * -9  1 3 f t f ta « *?
7 f t  2 390 3 14 J 10 2 343 327 3 12 3 19* -2 0 3 *  14 2 349  - 3 * 4 - 9  1 3 « J »
ft f t  2 923 994 4 10 2 * 0 J - * 9 1 3 n 2 1147* 1 1 *9 7 14 2 471  - • ? - • 7  1 3 1 0 1 * -1 0 /1
10 f t  2 441 -3 4 2 • 10 2 •  U 7 7 * 4 12 2 •  93 444 - «  1* 2  J l f t  243 - 9  1 3 1499 l* f t f t
11 9  2 340 243 0 10 2 441 -4 7 1 * 12 3 37# -3 4 3 -4  1* 2  3 2 *  f t? 2 —ft 1 J 1*31 19*2
- 9  *  2 749 -7 4 7 10 w 2 2 *1 241 9 12 2 3 * 3 -3 ?  1 - •  1* 2 27ft - 2 * 0 - J  1 3 Id a ? -  1270
- • 9  2 404 4 29 11 10 2 2 04 -1 * 7 11 13 2 4 0 * 413 - 3  I * 2  3 2?  -3 1 9 -1  1 3 3 * 4 2>J
- 7  9  2 1944 1370 -1 1 11 2 4 19 •4 3 1 -1 1 13 2 J0 3 320 - 2  1* 2 2 33  2 * 9 0 1 1 991 9 J *
- 4 * 2 107? -9 9 J -1 0 11 2 J«2 -3 3 0 - 1 0 13 2 17J 1 *7 -1  1* 2 44ft 4 4 * 1 3 • 4  0 * t f t
- 9 9 2 I4 J 4 -•1400 - y 11 2 * 2 2 * 0 2 - y 13 2 294 -3 0 7 0 1* 2 310  -3 1 2 2  1 3 bua f t f t l
- 3  9 2 1044 1044 - 7 11 2 I I I -4 0 1 - • Id 2 3 13 - 3 2 * 1* 2 4 4 2  -2 9 9 4  1 3 IJ » y -  U V i
- 2  9 2 234 -2 7 4 - 4 M 2 1 1 1 * 4 * - • 13 2 2 13 249 2 1* 2 14ft 144 4 1 3 3 M -9 0 a
- i  > 2 1021 -9 7 0 -4 I I 2 3 1 * - 2 9 * * 4 13 2 204 191 3 1* 2 • • *  4 * 7 9 1 3 1 2 ** l d i l
0  9 2 299 -2 3 9 - J 11 2 294 -2 7 1 - 2 13 2 * 3 3 - * 4 9 - 4  17 2 44 ft - 9 3 9 *  1 3 ad  1 4 4 /
2  9 2 931 903 - 2 11 2 9 *4 t * 1 - 1 13 2 *0 1 470 • 4  1? 2 4 * 9  -H 7 4 7 1 3 9 4 4 - 9 * *
3 V 2 930 1011 U 11 2 •7 9 -1 0 2 0 0 13 2 7 0 * 7 10 - 3  17 2  * • >  900 4 1 3 9 *2 -9 3 *
•  9  2 440 - 4 4  1 1 11 2 299 2 *2 1 13 2 227 -2 3 7 17 2 f t *?  f t*  8 9 1 3 ftfttf 4 *7
> 9 2 1 1 4 2 -1 2 4 9 2 I I 2 •  1 * 9 2 * 2 U 2 • 3 9 • * 2 0 -1  17 2  4 ft*  -4 4 2 10 1 3 *9 0 *77
«  y  k 430 417 3 I I 2 9 1 * -9 4 4 • 13 2 403 •0 9 2 1? 2 794 - I f t l 12 1 3 3«d -3 9 2
7 9 2 1294 1300 4 11 2 292 9 *4 9 13 2 2 *7 294 1 17 2 4 13  4 94 - 1 4  2 3 3 * ft -3 4 9
9 4 2 944 -9 1 4 / 11 2 141 - 1 4 * ft 13 2 370 -3 9 ? 2 1 / 2 4 * 0  9 *4 - t l  3 J 21« *1 1
10 •  2 197 199 4 11 2 2 *2 293 » 13 2 212 3 1 * 4 17 2 J 7 3  - J * « - 1 0  2 3 >d« •  ftv
9 1 9  2 449 440 w 11 2 4 0 * •4 9 7 10 13 2 297 209 • 2  IS 2 4 * 2  494 • 9  2 3 ftftv - * 7 a
11 10 2 434 420 Id I I 2 419 4«3 - • 14 2 192 171 - 2  If t 3 399  - a f t * - «  2 3 9 1 * -9 ? 4
10 10 2 I M -1 7 0 - 1 1 12 2 * 4 0 - 4 2 * - 4 14 2 417 - 4 * 4 - 1  1ft 2 4 19  - 3 9 7 - 7  2 3 3 4 * -3 4 ft
• 4  10 2 304 490 -1 0 U 2 279 2 9 * - 3 14 2 490 - • 2 0 0 1ft 2  319  394 - *  2 3 230 ft 2305
• 4  10 2 42? -3 4 3 -» 12 2 4 19 •2 2 - 3 14 2 4 *2 4 0 * 1 1* 2 * 2 4  379 • 9  2 3 2 7 * 32J
- 4  10 2 443 479 - 4 1* 2 3 0 * -3 2 9 2 14 2 217 - 3 0 * 3  19 2  2 44  - 2 9 9 - 4  2 3 Id l> * 1 3 d 4
- 4  10 2 434 474 -4 12 2 144 •2 2 7 3 14 2 f t*9 *2 ? 4 1* 2 204  204 - 3  2 3 1 0 *4 - 1 02*
• 3  10 A 04? —9? 4 - 4 12 2 X .7 420 9 14 2 301 -2 9 0 — 4 19 2 3 79  4 19 • 2  2 3 •  1? •  32
- 1  J J 1741 1711 - y 4 J 2 34 • 3 0 t 4 4 4 409 3 ft* * •  7 3 >44 * 0 9 - 9  9 3 997 » *3
0 2  3 234 - 2 4 3 - 4 4 3 4 *4 *1 3 4 4 3 • 4 * - f  •<* - 3  7 J 441  - f t * * • 4  9 3 390 3*4
1 2  J 403 3 39 - 7 4 3 3 91 373 • 4 3 294 301 - 2  7 3 1 *9 4 -1 9 2 3 - J  9 j 1 0 *9 -9 7 7
2 2 3 2 1 * 1 - 20«4 - 4 4 3 7 *7 - 7 * * * 9 3 343 * • * - 1  I 3 3 10  2 9 / - J  9 3 122 •  MO
4 2 i 1379 1330 — 3 4 3 3 94 3 * * 9 9 3 2 49 2 3 * 0 7 3  1222 1300 - 1  » 3 >2a •9 1 4
0 2  J 422 jy 7 -9 • 3 1 0*3 107* 10 9 4 3 49 - 3 * * 1 ? 3 343 - 4 * 9 0 9 J 734 710
4 3  3 1 4 4 4 -1 0 3 4 - J 4 J 427 - 3 9 * I I 4 3 413 - 4 * 2 ft 7 3 1 1 *0 -1 1 0 3 9 3 413 •  10
7 2 2 749 -OOe • 2 4 J l* 9 3 - 1 « 2 7 12 4 3 914 92ft J 7 3 20 ft -2 1 9 2 9 3 2 *7 2 1 *
4  2  3 979 1 0*7 - I * 4 « 4 i * • 4 12 9 3 203 2 97 4 7 3 9 9 *  9 3 4 4 9 3 4 7 * 491
9 2 3 •4 4 •  73 1 4 3 0 94 - • 7 9 14 9 3 3 90 -3 4 3 4 7 3 194 109 7 9 3 *0 4 —4 *9
10 2  3 449 - 4 2 0 4 4 3 1 0 * 3 -1 0 3 * - U * 3 247 2 2 * f t  7 3 19? - l i f t •  9 3 3 3 * -3 0 0
1 1 2  3 401 -3 9  1 4 • 2 1444 M O * • 1 3 * 4 473 4?4 7 7 3  1 *0  - 1 2 2 9 9 3 477 4 4 *
1 1 3  J 449 442 m 4 J 2 4 * - 2 J J - I I ft 4 *4 4 - 4 * 7 f t  7 3 *1 9  -4 4 1 I I  t 3 42  J -3 3 0
- 9  3  3 741 * 7 0 0 9 • 3 3 90 - 3 * 0 - 9 * 4 334 327 10 7 J  * 7  2 * 7 2 12 9 3 331 -3 4 0
- 4  J  2 914 -4 7 1 4 4 3 I0 9 J •9 1 • * * 3 2 4 * 2 * 9 11 7 3  344  2 40 - 1 1  10 3 ft 1a •  13
- 7  4  3 1434 1433 • 4 3 * * * - * 4 4 - * * 4 424 • 4 2 4 12 7 J  4 4 *  -ftftO - 4  10 J b * J - * > *
- 4  3  3 1 49 2- 1470 10 4 J * 3 4 * 2 0 -4 * a * 3 * 4 7 / 13 7 3  70S -1 9 1 - 7  10 3 3 97 *2 1
- 3  4  3 9 29 344 I I 4 3 2 97 -3 0 0 • 3 * j 1242 i m - 1 3  • J  1 ft*  - 1 4 4 - *  10 3 ftftft •  93
- 2  3  3 1 44 3- 1492 13 4 2 192 221 - 3 * 3 190 224 - 7  • J  > ftft * 9 * 2 - >  10 3 I f t* 230
- 1 3  3 •  29 - • 3 4 • 1 4 a J 4 7 * -4 3 7 -1 * 3 1 9 3 9 -1 9 0 * - 4  • 3  4 34  417 - f t  10 J •9 3 -9 0 9
0  3  3 401 -3 4 0 -1 2 9 3 9 2 * 3 7 / 0 * i 242 -2 9 3 - 4  ft J  2 01  2 0 3 - J  10 3 1322- 127*
1 3  J 1031 9 04 -1 1 9 J 2 *7 • 2 4 0 1 * 3 221? 2273 • 3  ft 3 4 0 *  -3 9 2 • 2  10 3 7 7* *2 3
2  3 1 990 373 • 1 0 4 3 * 9 4 - * ■ 7 2 * 3 *0 1 499 • 2  ft 4  4 *9  - 4 * 9 •  10 3 7 7 * f t * ?
3  3 3 937 •9 7 - 4 9 3 * 3 2 •3 2 3 * J 1 0 4 2 -1 1 0 7 - 1  ft 3 1112 1 0 *0 0  10 3 3 * 9 -3 * 1
4 4  3 394 300 - 7 3 J *4 9 - 4 2 * 4 * 3 417 -4 2 2 0 • 3 * 9 9  * 1 3 10 3 •  2b -7 f t  1
3  3  3 1147- 1149 — 4 3 J 3 0 * 2 7 * • ft 3 329 3 2 * 1 ft 3 I M  - • • • 2 10 3 191 -1 3 9
4  3  3 1 29 4 - 1302 - a > 9 412 3 7 * « * 2 240 22? 2 ft 3  12ft - 1 0 * J  10 3 * 2 * •  1*
7 3  3 727 73? *4 9 3 1 2 3 4 -1 2 4 1 V ft 3 * 3 * - f t« 9 3 • 3  141 * 1 2 0 4  10 3 4?4 *4 2
0  3  3 219 2 J 5 - J 3 3 3 20 - J 2 * 11 ft 3 •  19 •3 2 4  ft 3  720  - 4 7 * *  10 3 440 - J f t *
9  3  3 744 -7 4 9 -3 4 3 *4 4 * 0 4 13 ft 3 • • 7 - f t l 9 7 ft 3 2 2 4  214 7 10 3 7*2 -7 0 7
« •  4  4 494 —4 94 - 1 4 i 11*0 ia « * - 1 2 7 3 •9 ? -4 1 9 9 ft 3 374  3 f t * 9 10 3 2 *3 2 7 *
13 4  3 390 -3 0 9 0 4 J 794 • 7 4 9 -1 0 7 3 407 49ft 11 f t J  2 * 2  -2 7 2 9  10 3 •  i f t *9 1
11 4  3 341 221 1 4 2 24  2 2 4 * - 7 1 2 404 -4 9 4 - 1 1  9 2  1 1 *  - M O 91 10 3 * * 2 - • 1 *
10 4  3 203 -2 7 4 2 4 3 1774 1790 • 4 7 J 1119 t i l l - 7  9 3 241 -2 9 1 -1 2  11 J 39? 299
100
■ a 3 1 I M t o r e 9 « 9 i o f**  m e • K 3 I9TO lo r e i ■ 6 t o r o  lo r e ■ 1 6 lO fd lO f t
- 1 9 i i 3 414 -3 4 3 0 I j 3 320  300 * 19 3 229 2 2 9 0 10 J 3 07  - 3 6 * •4  1 4 2 *2 1*7
* t i i J 237 -2 4 7 3 U 2 6 6 4  733 7 19 J 617 -4 1 9 1 19 3 2 96  * 3 0 9 - 6  1 4 1273 1*14
- 0 i i J 3 44 • J 4 2 a IJ 3  f# 2  -7 7 1 9 19 3 392 - 3 7 * * 19 3 339 J9M - 3  1 4 292 - * J 1
- 7 i i 1 774 779 7 U i  3 4 4  3 0 J 9 19 3 679 649 3 19 3 4 39  4 9 * -1  1 4 7 *0 -4 0 3
- 6 i i 3 344 924 9 U J  441 - 4 0 9 - • 16 3 391 -3 9 7 4 IV  3 2 90  -2 7 9 0 1 4 1007- 1037
- 9 n 3 344 •3 4 4 10 IJ 3 3 6 2  221 - 7 16 3 2 9 * - 2 * 1 • 1 4 0 4 J01  -2 4 9 1 4 j i o a 3 1 7*
- 4 t i 3 1 1 1 2 -1 0 3 1 •  10 U J  4 1 4  -4 3 3 - 6 14 J 601 906 0 4 9J1  9 7 * 2 I 4 760 77a
- 3 i i J 1239 1247 - 9 14 J  2 * 7  -2 6 2 -a 16 3 209 *6 9 • I t 0 4 3 12  - 3 0 7 3 1 4 21a - * 2 1
* 1 i i 3 443 •4 3 1 -4 14 3  974  9 2 J - 4 14 3 4 0 0 - 6 2 * 0 4 1 1 *6 -1 0 9 2 4 1 4 1 7 * 106
4 i t J 1147--1 1 73 • 6 14 3 1042  - f i b - 2 16 J 947 944 - 9 0  * 3 90  3 42 9 1 4 176 - I J 0
1 i t J 300 241 • a 14 3  3 2 0  -3 1 9 1 16 J 224 197 0 4 1160 1162 6 1 6 713 *7 0
2 i i 3 122 169 -4 14 3 9 4  999 J 16 3 662 - 6 9 * 0  4 1 0 *1 -1 0 2 4 7 1 4 171 -1 4 3
J i i 3 442 4 4 i • 3 14 3  4 39  474 4 14 J 327 3 6 0 0 4 672 -7 1 3 *  1 4 261 -2 7 6
a n 3 420 - 4 1 3 - 2 14 3 463  -4 9 7 9 16 J 291 264 0 4 1397 1336 t  1 4 3 *0 -3 4 7
• 11 3 2 9 • - J IO -1 14 3 3 3 V -2 9 2 4 16 3 464 -4 9 7 0  4 944 1029 10 1 4 49J 460
a i t 3 742 712 2 14 3  697  697 7 16 3 397 - 4 1 * 0  4 * 0 2 0  1094 I I  1 4 7 *1 7j j
9 i i 3 3 33 - 3 9 a 4 14 J  I 2 J  - 9 9 2 a 16 J 9 91 9 9 * -1 0 4 1004—1 0 6 * 1 * 1 4 332 -JO e
10 u J 744 -9 2 3 a 14 3 3 4 9  -3 4 9 - 7 17 J 191 2 0 0 0 0 4 1 1 0 2 -1 *3 8 13 1 4 2 4 * -3 3 0
12 i i 3 374 4 09 4 1* 3  411  949 - 6 17 3 219 2 0J 1 0 4 1090 2 0 *  J -1 4  2 4 *1 4 27o
- 7 12 3 2 32 223 7 1 * J  37#  J 7 J - 9 17 3 247 -2 9 6 * 0 4 4 7 *  4 7 * - 1 2  3 * 266 -3 1 9
- J 12 J 324 311 9 u J  * 4 9  -6 9 2 - J 17 J 4 *2 4 *1 3 U 4 1 * 7 0 -  1 *9 6 -1 1  2 4 * 1 4 2 10
-1 12 3 929 - 9 J 6 9 14 J  19* -2 0 6 - 2 17 J 996 -9 3 3 4 0 4 194 -1 0 7 -1 0  * 4 * 2 2 630
0 12 3 4 47 4 J fl 10 14 3  3 * 7  420 -1 17 J 9 99 -9 9 0 9 0 4 4 9 3  4 1 3 - *  2 4 2 00 —2 *1
1 12 J 497 630 -9 13 3  4 00  4 * 2 0 17 J J * 9 376 • 0 4 1077 1097 •7  2 4 396 360
3 12 J 414 -4 1 0 - 4 19 J  2 06  2 J 6 1 17 3 4 01 370 7 0 4 1364 1 4 *3 • •  * 4 *1 3 1*4
4 12 3 217 227 -7 13 *  7 *2  -7 7 1 2 17 j 424 - 4 4 * 6 0 4 * • 1  - 2 7 3 - 4  * 4 103a 90»
a 12 J J94 - J * 7 -3 13 J  10117 102* 4 17 J 991 630 9 0  4 7 6 *  -7 6 7 - J  2 • 3 99 -3 7 4
7 12 3 a n 6 19 - J 19 3 911 -7 7 J - 4 16 J 197 192 I t 0  4 4 13  414 • 2  * 4 2 *0 -2 7 0
V 12 J 4 14 -4 3 7 • 2 13 J  3 22  -2 9 4 - 5 19 J 290 •2 9 9 13 0 6 2 9 7  -3 0 6 - 1  2 4 969 -9 3 7
11 12 3 394 4 09 -1 13 J  4 46  471 -  1 10 3 671 630 1* 0  4 4 97  - « 1 7 0 * 4 3 0 * -3 0  a
- 9 I J J 9 J4 -3 4 6 2 19 J  3 1 J  292 1 19 J 6 06 •9 9 7 •1 4 1 4 3 26  3 1 9 * 4 1014- I0 J 3
- 7 13 J 4 49 473 J 13 *  3J<* -4 1 1 2 10 J 6 6 J • 4 6  J 1 4 947  9 6 * *  2 4 669 •4 9 0
- a 13 3 371 -3 7 3 « 13 J  3 J 4  - J 6 t J 10 J * 2 * 6 *1 1 4 2 *4  -3 0 3 3 2 4 060 - 9  la
I J J 929 334 a 13 3 4 96  920 - 2 19 3 329 372 1 4 2 99  -3 0 0 4 * 4 341 9 39
a 4 393 - 4 *  1 i 4 4 601  4 0 9 —0 6 4 197 190 4 4 1049 1032 4 9 4 1 3 9 7 -1 3 4 3
4 2 4 179 -1 4 1 4 4 4 7 * 0  -7 3 a - 9 6 4 169 - 1 6 * •  4 960 9 00 6 9 4 1204 126a
7 2 4 413 41 1 J 4 4 2 64  224 * 3 6 • 6 J * 991 *  4 11I J - 1 0 6 0 7 0 4 * 3 6 -4 3 4
9 2 4 144 - 1 4 9 3 4 4 706 729 - 2 * 4 164 1»6 0 4 1 0 4 2 -1 0 9 7 0 9 4 474 -0 4 *
u 2 4 209 197 6 4 4 417 -4 4 6 - 1 6 4 297 • * 3 u 0 4 1210 1 *47 10 0 4 604 6 2 *
-1 1 3 4 149 - 1 4 7 / 4 4 10U7 —992 1 4 4 2 62 - 2 7 * •  4 1400 1 *0 0 I I  1 6 Ia 0 -1 6 0
- 9 3 4 414 6 19 4 4 4 2 9 *  2 92 2 6 4 162 199 4 4 7 06  -7 3 2 - 1 1  10 4 9 4 * - 9 1 *
• 4 3 4 720 6 77 3 4 4 9 69  690 J 6 4 466 • 4 0 * - 1 •  4 627 -4 2 2 -1 0  10 4 * J * 2 4 *
- 7 J 4 B74 -9 7 2 12 4 4 JJO - 3 4 9 4 4 6 3 1 * 290 4 4 496 - 4 9 * - 0  10 6 19* l l i
• 4 3 4 1 0 3 4 -1 0 1 6 -1 4 9 4 224  -1 9 9 9 6 4 4 96 -4 4 3 1 0 4 3 46  394 - 6  10 4 923 - 4  7 *
- a J 4 904 920 • I J 9 « 2 1a  -1 9 9 9 6 4 264 2 0 * 2 6 4 2 9 *  2 7 0 - 7  10 4 401 -6 4 9
- 4 3 4 1173 1147 -1 1 9 4 2 4 J  160 10 6 4 1 4* -  I« J J 6 * 7 62  796 —4 10 4 I l l y 111*
- 2 3 4 1441- 1433 - 9 9 4 760  - 7 7 * 12 * 4 3 99 379 4 fl 4 7 76  - 7 7 9 - a  io 4 1077 1 0*7
-1 3 4 492 4V 3 -4 3 4 l * «  - 2 1 * - 1 3 7 4 292 261 a 0 4 7 13  —6 02 - 4  10 4 1 *3 1 -1 2 7 7
0 J 4 999 -3 2 2 - 7 9 4 1194 1206 - l u 7 4 2 7 * * 0 » 6 *  4 6 6 *  6 * 7 - J  10 4 1*4 - 7 * 3
1 J 4 1324 1347 • 4 9 4 4 0 J  919 - 6 7 4 169 • 1 9 * 7 9 4 1 *2 4  1271 - 3  10 4 030 64a
2 J 4 220 •1 9 3 * 3 a 4 1 1 2 6 -1 0 6 2 -V 7 4 320 277 • •  4 641 -9 3 3 0 to 4 9 74 -9 9 1
J 3 4 349 - 3 0 4 - 6 3 4 U 9 7 - I3 0 U - 6 7 4 469 443 0 *  4 1 0 0 7 -1 0 1 1 *  10 4 - 4 4 230
4 J 4 717 7 7 * - 3 9 4 149  -1 9 6 —4 7 4 9 76 -9 9 2 10 9 4 291 2 70 i  10 * 970 -6 1 0
4 3 4 911 763 • 2 9 4 1 3 *2  1330 - J 7 4 437 43a I I 0 4 9 9J  4 0 9 4 10 4 239 -2 * 6
7 3 4 373 - 3 9 2 -1 a 4 1 1 9 2 -1 0 9 3 - 2 7 4 400 42J -1 0 0 4 206 - 2 9 * 9 10 4 762 724
a J 4 4 7 9 - 4 * 4 • 9 4 904  -7 9 9 - 1 7 4 4 49 430 9 4 J7 9  3 9 4 6 10 • 460 - 4 * 4
9 J 4 493 3 10 1 9 4 1 6 9 2 -1 6 7 7 0 7 4 927 94 J -0 9 4 4 77  4 9 * T 10 4 669 -6 3 1
12 3 4 440 -9 9 0 2 9 4 I0 J  -1 4 9 1 7 4 202 290 - / 9 4 902 -9 0 1 0 10 4 0 * 0 9 0 *
-1 1 4 4 4 27 • 3 9 6 4 9 4 1 0 *1  102 6 2 7 4 3 29 - 3 * 9 9 4 0 9 9  - 9 0  9 9 10 4 204 3 *0
- 9 4 4 4 4 1 4 93 4 9 4 496  407 3 7 4 302 399 - a 9 4 0 30  0 * 7 10 10 4 922 - 6 7 *
- a 4 4 a a i -9 6 1 3 9 4 97a  -4 3 a 4 7 • 2 7 * J 0 0 - 4 0 4 10*0  1061 11 10 4 2 0 * -3 2 0
• 4 4 4 494 902 4 9 4 6 9 0  -6 7 0 4 7 4 1 0 7 0 -1 0 3 7 - J 9 4 9 * 9  - 9 7 * 12 10 4 3«0 >20
- a 4 4 933 • 7 4 7 a 4 4 70  471 7 7 4 310 311 • 2 0 4 * 4 9  -2 6 1 - 1 2  11 4 4*1 - a  oa
- 4 4 4 904 -9 2 9 9 a 4 6 * 0  690 • 7 * 97 7 612 - 1 9 4 903 601 -1 1  11 4 430 -4 2 1
- 3 4 4 374 — 4 *1 9 9 0 2 7 *  -2 1 6 10 7 4 291 -2 9 4 0 0 4 *4 3  - 2 2 9 • 1 0  I I 4 4 *6 304-2 4 4 1113- 10 99 10 9 4 9 0 *  -9 0 6 • I J 9 4 19 J 10* 1 0 4 J0 4  - J 3 I • 9  11 * 299 266
•  1 4 4 401 424 12 3 4 J » 0  390 -10 • 4 204 • 2 0 * * 0 4 1021 1007 • 4  11 4 * 3 4 - * 3 3
0 m 4 1094 1936 1« a 6 2 4 9  -3 6 2 - • 9 4 900 - 9 7 * J t  4 117 - 1 * 0 • 6  I I 4 243 2 9 *
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■ ft f t H I 9 m e • K L  1970  m e ■ K 3  1990  lo r e 4  K 5 1DVO lo r e 9 4 L  1990 i t r e
3 to ft 291 3 * * « 0 •  9 7 *  9 *7 14 *  3 3 4  344 1 3 * 195 1 *5 - f t  5 ft 94 * -9 9 2
• ft 217 2 0 * 5 0 *  1371 1332 • I I 2 *  2 4 b  2 14 2 3 ft I I4 O - IO 0 9 -5  5 ft A ft* 54 J
5 ft ftftft - * • 3 * 0 *  2 7 *  - J * * - 1 0 2 *  241  - 2 7 * 3  3 ft 500 - 5 0 0 - 3  5 ft 1AM 234
7 ft ftftft * 3 5 7 0 4 191 -1 9 9 - 9 3 ft 2 50  229 5  3 * 1 40* 1 *2 3 • 2  5 ft 191 -U Q
- * ft J J 4 - 3 1 5 • 0 *  2 43  - 2 0 * - 9 2 *  3 7 *  3 * * *  3 9 *9 9 - * 7 5 0 5 ft *1 9 - * 0 3
- 1 ft f t f t l 4 * 2 9 0 *  4 43  - 4 * 5 -7 2 *  9 30  - 9 9 * 7 3 ft 7 *4 - 9 0 * 5 ft 5 *4 5*1
1 ft 490 - * 9 1 10 0 *  457  45ft - 9 2 *  3 42  -3 7 7 4  3 * 520 537 2 5 ft 1540 19ft*
J ft J ft7 3 * 3 I I 0 •  >« ?  5 25 - 5 2 ft 17ft? 17*1 9 3 ft * 9 2 * 5 4 4  5 *  0 44 -» 1 9
2 ft J f tJ 2 *1 13 0 *  * J 5  - * 5 4 -4 2 *  1 23 * 1111 -1 2  4 * 4 *2 * 9 5 5 5 ft «2a •3 9 4
5 ft 2 ft* ■222 -1 ft 1 *  3 33  331 - 3 2 ft 9 10  -5 9 3 -1 1  4 ft 399 4 1 5 ft 5 ft 11*4 I0 « k
* ft ft 2ft 431 - 1 3 1 *  * 9 0  -7 0 2 - 2 2 ft 1 0 9 9 -1 0 2 * - 9  4 ft l i f t * - 1294 ft 5 ft  251 - 2 9 *
- 5 ft i f ta - 1 2 * 1 *  5 * 3  - 5 7 * *1 2 *  1902  1939 - 7  4 ft 1510 1 *7 4 9 5 ft 2 *3 - 2  ft?
- 4 ft f t4 i -4 3 9 -1 1 1 *  * 1 1  74ft 0 2 *  1 1 2 * - I t * * • 5  4 * 1409- 1 *7 7 12 5 ft 3»a 2 *4
- 2 ft J U 4 04 - 1 0 1 *  9 * 7  9 *7 I 2 ft 5 2 ft 492 - 4  * ft A ft 9 • 5 5 7 -1 3  ft ft 299 2 *4
6 ft ft IT - t « a -  9 *  U A T -U O ft 3 2 ft 3 99  3 ft* - 3  4 ft 1395 1353 - 1 2  ft ft 332 -3 4 0
2 ft 755 772 *  9 37  -9 4 4 4 2 ft 7 13  -7 2 0 • 2  4 ft 4ftQ 9 * 0 - 1 1  ft ft 334 -3 3 0
4 ft I I I ■ 4 * 7 • 7 1 *  90 ft 934 5 2 ft 4 43  - * 3 1 -1  4 ft 7 0 * •4 7 1 -1 0  ft ft *2 4 f t l *
-  1 ft *1 1 -4 1 9 - * *  4 1 ft 739 * 2 *  5 2 0  500 0 4 ft * 9 9 * 1 9 • 9  ft ft 43? 45?
1 > JftT J A * -5 t *  2 *1  - 2 * * 7 2 *  * 2 7  - * 0 3 4 ft 599 -4 4  *4 - 0  * ft 0 *7 -0 2 4
- 1 * * Jftft 3 * 4 * 4 1 *  934 522 ft 2 *  510  - 4 7 5 2  * ft ft 04 747 - 7  ft ft 32# -3 * 7
- 1 3 ft IMA 1 *1 -A 1 *  1 24 0 -12 3 1 9 2 *  5 53  5?¥ 3 4 b 1797 1792 - f t  ft ft 331 J j t f
■12 ft ftftft -7 9 3 —« 1 *  4 74  - 9 7 * 11 a *  450  -4 5 9 4 4 ft 134 1*3 —5 * ft J1» 321
■ I I ft 7 to - * 5 5 - 1 1 *  734 7 1 * IJ 2 ft 393  J t f * 5 4 ft 1247* 1293 - 4  ft ft 904 -7 4 5
- I B ft f t f t l 97 ft 1 *  1 9 *5  1954 -1 1 3 *  251  -2 * 3 7 4 ft ?4b 9 10 - 3  ft ft 157 147
- 0 ft 972 *1 0 0 * 1 4 2 * 7 4 -2 7 1 9 -1 0 3 ft 2 2 4  223 4 4 ft f t f t l * 0 4 - 1  * ft 453 • 9 * 0
- 7 ft 77ft - 7 * 2 2 1 *  1 * 0 1 -1 5 * 3 - f t 3 ft 5 J J  522 9 4 ft *2 1 -5 9 5 0 ft ft 25? 2 *2
- f t • *3 7 * 3 4 3 1 *  130ft 134 ft - 9 3 ft 4 9 3  -5 1 4 10 4 ft 1 *1 •1 4 7 ft ft 203 JO?
ft 2 *1 252 ft *  *7 1  * 0 ft - 7 J *  5 7 *  - 5 * 5 12 4 ft 323 2 1 4 2 ft ft 1 95 •3 9 0
-a ft 209 -2 2 3 5 *  1 0 7 0 -1 0 5 * - f t 3 *  * 7 4  9 4 * - U  5 ft 2 *7 2 * 3 3 ft ft 123 0-11 0 1
ft 2 * J 3 -2 « 1 0 * 1 *  537  -9 4 f t • 5 3 ft 2 7 *  2 9 * -1 1  5 ft 312 -2 9 f t ft ft ft 3 10 2 *4
0 ft 1797 1771 7 *  7 13  712 - 4 3 *  * 9 0  - f t f t f t - 1 0  5 ft 299 -2 « ft 5  ft ft ftftft 920
i ft * 2  >9 4124 • *  334  3 *3 - 3 3 ft 4V0 451 * 9  5 ft 531 5 13 ft ft ft 9 32 •4 1 2
it • 2 0 7 7 -2 0 1 7 9 *  3 * 9  *2 5 .t -2 3 ft 2 * 9  2 * 2 - 4  5 ft 99a 0 * 3 9 ft ft 3 *7 340
2 ft 2 ft ftft ” J ft71 12 *  33ft -3 0 3 - 1 3 *  5 7 3  -1 5 0 - 7  A ft 339 -1 7  3 10 ft 9  * 3 * - • 3 3
I t ft If tf t 157 t 9 •  1 7 *  117 - 1 0 10 *  2 3 4  222 - 9  12 ft 3 7 J -3 b  I 5 14 ft 234 Jftb
-1 3 ft 337 335 2 * *  * 9 9  4 50 • 9 10 *  170 U 7 - 4  12 ft 3 9 * 375 ft I * *  197 -2 0 0
- 1 2 ft 443 -4 3 ? 3 ft *  470  - 4 4 . - f t 10 ft 3 73  - 3 7 3 - 7  U ft 2 * 3 9 * 2 7 14 *  201 -1 5 7
-1 0 ft ft 2ft -4 3  7 4 4 *  7 * ft  -7 4 7 - * 10 ft 5 * ft 574 - 5  12 ft 550 - 5 * 7 0 14 ft 1 ft* 23?
- • ft *0 2 5 93 5 ft 4  AO* 9 *1 - 5 to ft f t *0  -4 3 2 - *  12 ft 2 * ft • 3 1 0 - 0  15 ft 150 13ft
-V ft *3 2 * 0 2 ft ft *  * 9 7  7 2 * - 3 10 ft 5 27  5 4 * - 2  12 ft 494 A l l • 1  15 ft 193 -2 0 2
- f t ft IlftO -9 f t  1 I ft *  4 * 7  - 4 5 * - 1 10 *  1 9 *  -2 0 f t - 1  12 ft 141 10? 0 15 ft 3 ? l • 3 * 1
- 5 ft * • 1 - 4 * 7 ft M *  9 1 *  -9 9 4 0 10 •  3 4 7  374 0 12 ft 1077- 1052 15 *  245 2»4
ft 1 1M 9 137 9 ft *  3 * 4  403 1 10 ft 1 4 * 1JB 12 ft 1 1 3 3 -1 1 * * J  15 *  J72 -3 7 »
- 2 ft •  7ft 953 10 ft *  * 2 2  * 2 2 2 10 ft * 2 5  - f t l J 2  12 ft 1133 1170 - 7  U ft  232 - I b 1
- 2 ft 937 -9 3 7 12 9 ft 3 * *  -3 9 2 3 10 *  3 2 2  299 3 12 ft 047 770 - 4  If t f t  143 I o
- 1 ft •2 3 -9 2 4 -1 0 4 *  2 *1  27 ft 4 10 *  1099 1102 4 12 * 5 4 3 -5 5 1 - 3  I * 4 159 20#
0 ft ft AO * 5 2 - 9 ft *  9 *0  -9 5 4 5 10 *  539  - 5 5 * 5 12 ft * 9 3 - f t f t * -1  If t ft 139 -3 1 *
1 ft 790 7 5 9 - 7 9 «  * 0 4  - * 2 9 * 10 ft 974  -4 4 ? I I  12 ft 2 *7 •2 0 0 Ift ft 590 f t l *
i ft 7AA - * 9 5 - * 9 *  1024  1071 7 10 *  3 9 3  399 - 9  13 ft 337 2 * 3 2  1 * ft 330 -3 2 a
4 ft 220 -2 3 7 - 5 9 *  * 3 *  *4 9 9 10 *  4 59  453 • •  13 f t 19* 1 *2 3  1ft ft  *5 9 -4 f t*
5 ft 3 9 * - 2 4 * “ ft 9 *  9 9 3 -1 0 2 * 9 10 f t  2 42  -2 4 9 - 7  13 ft 157 -1 4 9 5 1* ft  320 323
ft ft * 4 2 * 4 * - 3 9 •  * 1 4  - * 4 9 11 10 *  245  279 - f t  13 * 519 -5 3 4 - *  17 ft 3 *4 J J »
7 ft 520 * 4  ft - 2 9 *  1907  1 90* • 1 1 11 *  354  35« - 3  13 ft 307 2?4 -3  17 ft 340 - 3  0«
• ft 493 - 5 3 4 •  1 9 *  3 9 *  445 - f t 11 *  2 73  -2 9 1 - 3  13 ft 3 * 9 3 49 - 1  1? *  554 5 *2
9 ft *9 4 - 7 0 7 0 9 *  2 5 5  -2 9 0 -T 11 •  3 92  357 • 1  11 ft • 9 0 -5 0 ? 0 1? •  351 J J 7
10 ft «29 4 * * 1 ft *  M l  -1 5 3 - * 11 *  273  - 2 * 5 •  13 ft 545 - 5 2 3 1 97 *  * ? J -7 * 3
11 ft 32ft 3 40 2 V •  3 17  - 3 1 5 • 4 11 *  5 J 9  5 50 13 ft • 4 0 4 1 4 2  17 ft 507 -5 2 J
12 ft J M - 3 * 7 3 ft *  * 7 4  -4 4 3 - 2 11 *  5 10  -5 1 5 2 13 ft 574 540 3 1? •  439 444
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-J ft 9 309 -244 o II 9 993 -991 6 IJ B *62 -*4* -4 17 9 iftft -2ft « -2 1 10 -ft 1*
-2 ft 9 444 -421 1 11 ft 47* -497 7 13 9 479 4*6 •2 17 9 2*3 221 -1 1 10 4-14 >4
0 ft ft ftftft *19 2 II ft 7*2 41* 6 13 V 460 49* -1 17 9 146 -1?i 0 1 10 ftftft
1 ft 9 244 233 J II 9 6*9 *26 9 U 9 3*2 •393 -1 16 9 426 2JJ 1 1 10 11 Ift
2 1 10 103ft-1044 -» J IQ 2** 242 -> * 10 122 164 0 7 10 4*1 •43 7 -J 0 10 -3m 1
J 1 10 110ft* 1091 -4 3 10 0j 2 904 -J * 10 ?4t -760 1 7 10 404 401 •2 9 10 143ft
4 1 10 249 344 -J 3 10 *29 *13 -2 * 10 797 792 3 7 10 340 -342 0 9 10 62ft
ft 1 10 937 69« -2 3 10 7i« -7J2 -1 * 10 62* 026 4 7 10 473 *17 1 0 10 —643
ft 1 10 ftft? -*40 -1 3 10 *31 -*16 0 * 10 373 —JOB * 7 10 4*0 -640 2 9 10 -2?0
7 1 10 It? -20ft 1 3 10 14* -172 1 * 10 301 -331 6 7 10 *46 — *6 1 3 9 10 TJ7
• 1 10 iftft 234 ft 3 10 4«l 40* 2 * 10 426 42 ft 4 7 10 440 64 7 4 9 10 -27ft
11 1 10 472 433 4 3 12 727 -T71 3 * 10 *79 60ft 9 7 10 102 -10 1 ft 9 10 -17*
i j i 10 473 -71ft 4 3 10 47* 446 • * 10 161 16* 10 7 10 >30 •*3ft ft 9 10 770
12 2 10 194 -IB? 7 3 10 474 499 4 * 10 160 •1*6 11 7 •0 301 297 t 9 10 -730
>0 2 10 419 397 3 J 10 •32 -946 7 ft 10 407 ->01 12 7 10 301 202 10 9 10 7*«
-ft 2 10 l«a 13ft 9 3 10 2*4 -291 9 * 10 *0« *3* -ft t 10 3*7 -3*7 -10 10 10 -3# 2
-7 2 10 ftftl *11 10 J 10 4?* *24 11 * 10 36* -3*9 •6 i 10 273 -261 -9 10 10 2*o
-ft 2 10 742 -7*4 12 J 10 2*5 -249 -11 4 19 231 -26 1 -7 t 10 646 0* 6 •1 10 IQ 320
•4 2 10 939 MOO -13 4 10 33* -32? •10 6 10 23* •200 -* 6 10 11*4-1127 -7 10 10 *03 •46*
-2 2 10 994 973 -12 4 10 3*0 -24* -ft * 10 *26 69? HI i 10 241 2*5 -4 10 10 •*J9
-2 2 10 1119- 1131 -7 4 10 *02 -*22 -t 6 10 213 230 •J t 10 10*4 1034 -* 10 10 IftOJ
-1 2 10 797 -797 -4 ft 10 ill 319 -2 6 10 1077 1074 -1 t 10 640 -010 -3 10 10 -96ft
0 2 10 *99 442 -* 4 10 1094 10*1 -1 4 10 62* -9*6 0 t 10 4*2 4*7 -2 10 10 206
1 2 10 234 149 -4 4 10 4*0 -429 0 6 10 *10 -•ftft 2 0 to 210 •230 -1 10 10 ftU
2 2 10 iftft -299 -J 4 10 1094-1143 1 4 10 412 4*2 3 6 10 44? 0*7 0 10 10 -233
J 2 10 223 •244 -2 4 10 *14 -6*2 2 4 10 0*3 004 * 1 10 1070-102* 2 10 10 *43
ft 4 10 434 -413 -1 ft 10 142? 136* 3 4 10 ?** -716 6 1 10 330 -364 3 10 10 -64*
7 2 10 449 421 0 4 10 302 •276 4 4 10 32? -317 7 t 10 970 92* 4 10 10 -*21
• 2 10 Jft2 -193 2 4 10 703 •902 ft 4 10 *74 **? t • 10 306 217 * 10 10 47*
ft 2 10 494 •*4* 4 ft 10 7*2 to* 7 6 10 **7 -620 ft 6 10 **1 -*19 6 10 10 4*3 40?
10 2 10 43ft 44ft 4 4 10 3*0 -32ft 12 4 10 390 Jftft 10 t 10 It* -201 f 10 10 -ftftj
11 2 10 314 373 7 4 10 341 •341 HI 7 10 4** ••24 11 t 10 629 *9* 9 10 10 463
12 2 10 244 -2ft 1 9 4 10 70* 717 - 4 7 10 •0M 424 -10 9 10 167 -1*2 -10 11 10 23»
U  J 10 199 -149 10 ft 10 14* 166 -ft 7 10 92J -671 —6 9 10 » 9 fttl -9 II 10 JftJ
10 J 10 149 -191 II ft 10 4*2 -433 •4 7 10 774 -771 -7 9 10 310 -316 -• 11 10 -30*
-ft J 10 240 •244 -12 * Ift 29 J 294 -3 7 10 43* 42* •4 9 10 6*6 -93* -4 II 10 231
-ft J 10 *47 *•4 -11 * 10 242 212 -3 7 10 4 4 * 442 -* 9 10 396 39? -ft II M ft 13
-ft J 10 1119-1124 * 4 » 12 22* •229 -1 7 10 290 -iftft -4 9 10 1*17 I4ft2 -4 11 10 369 -409
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■ 6. I I f t f tO t o r t a ft 2 1 0 fO lO fC ■ I * t o r o t o r e • 1  L 1 0 9 0 l o r e 9 K 5 1 0 9  M t o r e
- J 11 I f t 3  f t l 3 * 2 3 l a 0 2 7 f t 2 7 4 - 4 2 11 9 1 1 - 4 9 7 11 2  11 3 0 7 3 * 4 10 5 11 1 4 5 - i l i a
- 2 11 10 I I I 4 4 9 5 15 0 2 5 9 - 2 9 4 - J 2 11 1 0 2 * 1 074 12 3  11 2 2 1 • 2 0 0 I I 5 11 2 4  1 2 * 9
- 1 11 I f t 7 2 0 - 7 0 1 - 2 1 * 0 3 1 1 1 1 9 - 2 2 11 7 0 3 * 1 5 - 1 2 4  11 3 2 9 J l l 12 5 11 2 3 a 2 4 1
• 11 1ft 3 3 3 - 3 2 5 • n 0 5 * 5 - 5 5 * - 1 2 11 * 1 0 - 4 4 1 •  I t 3 1 3 - 2 * 7 - 1 2 * 11 4 1 5 * 4 1 7
1 I I 10 l & l • 3 0 2 i * 0 3 9 4 4 1 3 9 2 11 0 4 * - 9 2 7 - f t 4  11 * 0 5 * 3 1 ft I I * 5 * * 4 2
2 11 1ft 3 0 7 3 4 3 4 i * 0 2 0 5 - 3 9 3 1 2 11 * 9 9 * 9 1 - 7 4  11 3 0 5 - 4 0 2 - 4 * 11 7 1 3 - 7 0 9
2 I I 10 ft 45 - * 0 1 - 2 19 ft 341 • - 3 1 3 J 2 I I • 9 1 * 9 1 - 4 4 11 • 2 4 - 4 4  J - 7 ft 11 2 1 0 - 1 6 1
9 11 10 0 3 7 * 3 7 * 1 17 0 5 3 f t • 5 5 f t 5 3 I I 9 5 * -919 - 5 4  11 ■ 4 7 • 2 4 ft I I 2 2 7 2 1 9
» 11 ID 2 2 9 2 4 2 • 17 0 4 9 9 •  91 * 2 11 9 0 9 - 9 2 5 - 3 4  11 * 3 4 • 7 0 4 - 5 ft 11 2 7 3 2 4 b
• « 12 10 I M - 1 9 0 t 17 0 * 3 3 5 9 2 7 2 11 9 * 2 5 3 9 - 2 4  I I 2 0 0 2 0 * * 11 4 * 9 4 9 *
- I 12 10 ftft f t - 4 * 3 3 17 0 5 0 7 - 5 0 * • 2 11 9 9 * 5 7 7 - 1 4  11 9 4 4 9 7 * • 2 ft 11 • 4 f t - 1 0 1 *
- 7 12 10 141 1 3 2 - 1 1 1 1 2 2 4 2 2 2 * 2 11 * 3 4 "*44 0 4  11 7 5 5 • 7 5 0 • * I t 1 1 * 2 1202
- f t U 10 5 * 0 3 5 ft - f t 1 1 3 1 9 - 1 9 5 10 2 11 3 * 7 - 3 5 . 1 4  11 9 1 2 - 4 9 4 1 * 11 3 1 ft 3 2 4
- * 12 10 3 01 - 3 f t  l - • 1 1 9 0 S • 2 3 11 2 11 2 0 3 2 7 3 2 4 11 JO J 3 9 4 2 * I I 1 2 3 1 - 1310
- J 12 1ft 2 9 * - 3 1 0 - 5 1 1 2 2 7 - 1 9 5 12 2 11 1 9 1 1 9 9 4 4 11 5 7 J • 5 5 4 J * 11 * 2 9 - 5 6 6
* 2 12 10 3 2 * - 3 1 1 - f t 1 1 1 0 0 7 - 9 7 0 - • 3 11 1 0 4 - 3 2 * 5 4  I I 2 2 * 2 * 7 4 ft 11 107 0 1 0 *4
- 1 12 10 4 1 1 2 4 1 - 3 1 1 • 0 9 - 5 9 4 - • 3 11 l i t 3 9 6 • 4  I I 94J 9 1 0 5 • I I 4 0 * * 1 *
0 12 ID 5 0 2 3 3 0 - 2 1 1 • 0 9 • 0 5 - 7 3 11 • 7 1 4 4 9 7 4 11 1 14 - 1 * 7 * * 11 4 0 4 •41ft
2 12 10 I k ) - 9 7 1 - 1 1 1 109M 1 0 9 7 - * J 11 lO J W O f t J • 4 11 3 4 1 • 3 * 9 7 * 11 3 9 9 - 4  1 *
2 1 2 10 2 4 2 3 1 3 0 1 1 490 - 4 9 0 - 5 J 11 • 3 5 - 4 4 3 • 4 11 271 2 2 2 19 ft I I 9 0 0 5 1 6
• 12 10 1 1 4 7 1 1 *0 1 1 1 • 9 7 - 4 9 7 • 4 3 11 9 3 0 9 4 2 11 4  11 • 4 0 • 4 0 1 11 4 11 2 9 2 2 9 6
* 12 I f t 5 3 f t • 5 3 2 J 1 1 3 4 5 2 2 « - 3 3 11 5 5 2 5 5 9 - 1 1 5 11 * 0 4 - 5 9 * 7 11 5 2 a 5 3 .
- 9 U 10 2 7 3 - 2 5 0 « 1 1 1 1 4 7 1 1 7 9 - 2 J 11 1 2 3 1 - 1 2 4 * - I 5  11 4 4 9 * 2 7 - 7 7 I I 3 3 7 3 3 0
- 7 IJ 10 2 1 7 207 5 1 1 2 1 5 2 2 0 - 1 3 11 2 3 1 - 2 3 3 - « 9  11 2 f t * - 2 7 1 - * 7 11 3 2 3 3 0 4
- 4 U ID 2 ftft - 2 7 9 ft 1 1 4 U a - 1 2 3 0 3 I I 4 * 4 4 9 2 - 2 9  I I 4 4 5 4 5 2 - J 7 I I 2 9 2 • 2 * 2
• 2 13 10 5 7 0 - 5 7 0 7 1 1 2 7 f t • 2 9 7 2 J t l 3 1 3 - 3 0 1 - 1 9  I t 1 0 0 0 - 1 0 * 9 - 1 7 I I • 2 7 * 1 7
- 1 13 10 T ftft 7 5 0 4 1 1 4 * 4 3 5 4 J J 11 5 1 2 •  7 * 1 9  11 7 4 1 7 J 0 1 7 11 1 0 9 1 - 1 0 0 0
1 13 10 7 2 7 - 7 0 9 • 1 1 4 2 4 4 2 9 4 J 11 7 1 3 - 7 3 2 2 5  11 * 9 2 7 0 2 d 7 11 3 4 4 • J f t J
3 13 ID 5 1 1 3 0 9 11 1 I 3 7 2 - 3 4 * 5 3 11 5 4 7 - 5 3 9 3 9  11 * 4 0 - 7 4  6 2 7 I I • 5 * 4 1 1
* I J 10 10ft - 2 1 f t - 9 2 1 3 9 5 —3 1 0 ft 3 t l 0 3 9 •  90 4 5 11 3 0 7 - 2 9 7 4 7 11 4 * 5 * 1 2
1 13 10 173 1 11 - f t * 1 2 7 1 —2 * 4 7 3 11 7 1 3 7 0 * 9 9  11 7 0 4 7 * 2 • 7 11 2 0 1 • 2 0 7
4 1 * 10 2 3 4 - 2 2 1 - 7 2 1 1 3 4 1 0 9 0 0 3 11 9 9 9 - 9 « t * 5  11 1 94 2 2 1 i 7 11 3 0 * 3 0 *
t 14 10 2 1 ft - 3 1 0 - f t 2 t 2 7 f t 3 0 5 9 3 11 7 4 4 - 7 * 7 7 9  11 3 0 3 - 3 0 4 11 7 11 • 3 2 - 4 2 0
2 13 10 JftO 3 3 2 - 5 2 1 1 2 4 4 - 1 2 4 3 10 3 11 • 4 4 3 9 0 0 5  11 3 9 0 3 5 9 0 11 190 1 *9
- 5 II 11 2 71 - 4 0 0 ft 10 1 5 0 3 7 2 •  4 14 I t 3 3 4 3 4 4 0 0 12 7 2 0 7 7 3 •  11 3 12 2 9 2 2 * 2
- * 0 I I 15 5 - U 2 • 10 1 * 5 - 1 4 9 - 3 14 11 4 * 9 -7 1 © 1 0 12 * 7 7 4 2 7 - 7 3 1 . im  1 • 2 * 1
- 3 ft 11 171 - 1 7 7 10 10 5 0 4 - 5 0 9 - 2 14 11 2 7 7 - 2 7 * 2 0  12 4 2 9 • 4 4 7 - * 3 12 3 4 9 2 3 J
* 2 II 11 • f t f t ftftft - # I I 2 1 f t 2 2 9 - 1 14 11 4 1 1 • 0 * 3 0  12 149 * - 1 * 7 2 - 5 3 12 • 4 * 4 9 9
- 1 ft M 2 2 3 2 2  9 - • 11 5 * 4 - 5 7 * 0 14 I I 2 9 5 2 9 3 « 0  12 J ftO 3 3 0 3 12 1 0 * 3 - 1 0 6 9e ft 11 3 2 3 - 3 4 f t - a 11 171 - 1 * 4 5 14 11 3 7 1 3 1 1 5 0  12 7 1 3 7 * 9 - 3 3 12 * 0 7 - 5 7 7
d ft 11 5JD 3 1 9 - • 11 * 5 0 * 9 4 * 14 11 2 9 0 2 5 2 7 0  12 3 * 4 - 3 * 2 - 2 3 12 * 2 a * 5 9
3 • 11 1 3 7 - U 1 - 3 I I 1 * 9 4 7 4 2 7 14 11 4 0 5 - 3 9 5 11 0 12 4 1 * 4 4 * - 1 3 12 5 4 * 9 * 7
1 0 ft 11 2 0 1 - 1 4 0 “  . 11 J « ft - 3 3 7 - * 15 11 4 0 7 4 7 7 12 0  12 2 7 1 - 2 3 0 0 3 12 7 4 3 - 4 1 2
11 ft 11 2 2 « - 2 3 7 - 1 I I * • 2 - 7 1 0 * 5 15 11 4 5 3 4 41 - 12 1 12 I f t l - 1 9 f t 1 3 12 1 * 7 - 1 4 5
- 0 « 11 3 4 0 2 * 9 1 I I * 2 4 * 1 0 - 4 15 11 7 5 5 - 7 5 7 - 1 0 I  13 4 9 5 4 0 7 3 3 12 1 3 * 194» 11 5 2 7 - 3 f t b J I t * J 4 - * 1 9 - 2 15 11 3 0 0 - 3 * 2 - 9 1 12 J 7 4 - 3 7 5 9 3 12 3 * 5 3 * 9
- 3 • 11 5 3 1 - 3 3 9 4 I I 2 * d - 2 9 9 - 2 15 11 9 * 9 5 4 0 - 4 1 12 143 1 7 3 7 3 12 2 4 1 - 1 7 1
- 1 0 11 4 4 3 * 3 3 ft I I 4 9 f t 2 7 0 0 15 11 • • 3 - 4 5 7 - 3 1 13 3 9 3 - 4 1 0 9 3 12 4 I « 3 9 1
0 » 11 3 - 1 - 3 2 1 7 11 2 * 3 3 4 * 5 19 11 3 0 7 3 1 * 1 12 5 0 0 • 4 f t  S 11 3 12 3 5 4 • 3 6 f t
2 0 11 2 7 5 - 3 9 3 ft 11 1 2 1 3 - 2 3 * * 15 11 2 4 5 - . 3 2 - 1 1 12 3 4  1 • 3 1 4 4 12 4 1 7 • 3 9 9
2 ft 11 f t f t f t 4 7 f t > 11 4 5 f t - 4 * 0 - 4 M I I 3 2 5 - 3 1 9 0 1 12 1 2 2 4 1 2 * 0 4 12 4 3 1 - 4 * 1
4 » 11 3 2 0 3 0 2 * 3 u 2 * 4 - 2 4 2 - 3 1 * 11 * 3 9 * 3 0 1 1 12 • 9 7 • 4 9 0 - 7 4 12 4 0 4 4 J J
• ft I t 4 7 3 - f t f t f t u 12 4 2 4 •  15 - 2 I * I I 3 0 * 3 1 0 2 1 12 9 9 1 - 1 0 1 0 4 12 9 0 9 9 4 0
7 ft 11 2 4 1 - 2 « f t 5 n l » 0 - 1 7 * * 1 1* 11 5 * 4 - 5 * 2 3 1 12 • 2 9 4 0 2 - 5 4 12 4 9 0 - 9 1 5
0 ft 11 3 9 ft 4 0 6 7 h 2 2 0 1 9 9 1 1 * 11 •  13 3 7 4 4 1 13 1 2 2 4 1 2 1 5 - 4 • 12 1 0 4 9 -1 1 1 D
* 7 l « 11 2 « J 2 5 3 ft u 2 0 1 - 1 9 5 4 1 * 11 2 f t * 2 3 5 * 1 12 3 4 3 • 3 4 7 - 2 • 12 SOW 9 2 *
u 11 31ft - 3 5 7 • 12 I f t f t - 1 7 3 1 11 11 2 4 9 - 2 * 3 12 1 13 2 2 * - 2 1 1 - 1 4 12 2 4 3 - 2 9 *
• 4 10 11 3 1 3 - 3 2 7 - f t 13 4 * 6 - 4 4 * - 1 2 0 12 3 7 4 - 3 * 9 —11 2  13 2 4 4 2 4 3 0 4 12 3 2 1 - 3 2 5
* 3 10 11 •  20 • 2 2 - f t 13 4 7 a 4 2 7 - 1 1 • 12 • 5 9 - * 9 7 - 10 2  12 2 4 5 - 2 f t * 3 4 12 4 0 7 * 0 *
— 4 10 11 0 5 9 4 5 3 - 2 13 4 * 7 - 4 0 4 - 1 0 • 12 5 1 9 5 4 0 2  12 2 3 4 3 2 3 4 4 12 5 * 1 * 3 3
- 1 10 11 2 1 9 - 3 1 f t 0 13 3 * 4 4 0 4 - 9 • 12 * 9 4 4 9 2 - 9 2  12 1 * 7 1 9 4 * 4 12 1 0 9 * - I 0 5 j
0 ID 11 5 5 5 - 5 * 9 a 13 1 43 - 1 7 5 - 9 0 12 7 1 3 - 7 4 7 • 4 2  12 9 2 * 9 4 1 ft • 12 * 0 * * 1 1
1 10 11 2 1 5 2 4 1 5 13 1 2 0 2 • 2 3 0 - 7 « 12 7 7 4 - 0 3 * - 2 2  12 3 3 4 - 3 3 2 1 0 ft 12 * 1 5 - 4 2 1
2 10 11 3 3 7 2 5 * • 13 1 1 * 7 3 4 2 • S • 12 * 7 * 7 1 3 - 1 2  12 5 0 4 5 0 3 5 12 2 1 6 - 2 1 *
J 10 I I 4 0 ft 4 0 3 ft 13 3 1 3 - 2 9 4 - 4 0 12 5 7 * 9 5 9 1 2  12 5 3 4 - 5 3 * 9 12 192 - 2 1 0
4 10 11 2 9 4 - 3 1 f t - 7 14 1 4 4 f t - 4 * 1 - J « 12 2 5 9 - 2 * 1 4 2  12 2 2 * - 2 3 4 • 4 9 12 545 5 7 a
• 10 11 2 7 ft - 2 6 f t • f t 14 2 5 9 - 2 * 0 - 2 0 12 2 3 3 - 1 0 2 ft 2  12 •  12 •  17 - 7 5 U 3 1 0 2 6 9
7 10 11 3 2 3 2 9 5 - 5 l« * 5 1 * 9 9 - 1 0 12 9 7 7 - 9 7 3 ft 2  12 9 9 0 - * 3 7 5 12 * 3 * -4 J U
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fl X k 1010 lore « ft * loro lore I X I i»ro tore a B 5 toro tore # 0 1 1070 iort.
*5 ft 12 73* -7J7 7 u 332 -jftj -J 10 12 *a9 4*4 13 m 439 -44 0 1 2 U 42ft 447
»« ft 12 714 7 ft 5 7 Ii 137 177 •2 10 12 •22 • 14 14 13 27* -370 • 2 IJ a** •*•4
>J ft 12 ftJI 010 7 Ii 210 -334 -1 IB 12 *72 •*94 14 12 1*2 15* * 2 IJ 9*5 *57ft U 471 •4*3 7 12 309 323 • 10 12 494 -441 1* 12 171 -14* 7 2 U dft* 21a
-1 ft 12 441 -ftl* - 1 « 12 27* 241 1 10 12 573 549 14 12 212 1*3 0 2 U 102*- IO«a
1 ft 12 229 aft# ■7 • 12 4dft -*04 J 10 12 41ft •404 Ift 13 17J 172 10 2 IJ 414 44 0
4 ft 12 JJ2 •372 -4 • Id *24 •*oa • 10 12 •54 4*5 1* 12 JTfl -20* 11 2 13 371 Jb»
5 ft 12 I M •ftO* -•> a 12 31ft 922 5 10 12 J** JJ2 1* 12 329 312 •10 3 13 Iftd -173ft ft U JftJ J7ft -4 • 12 • la •49 * 10 12 *7* -*22 1* 12 J13 -27* -ft J 13 4*4 2" J
7 ft 12 424 491 • J a 12 31ft -27* a 10 12 494 477 -10 1 13 1*3 -127 -7 J 13 37* -34 7
ft ft 12 JftO -J24 mj # 12 #99 -04Q -0 11 12 Jflfl •J74 1 13 910 941 -3 J 13 •*2 *Ja
11 ft 12 JJI 343 _| • 12 27ft 300 -• 11 12 421 •421 1 13 399 -433 -4 3 U J94 41 i»t ft 12 179 Iftft • 12 432 40a •7 11 12 391 3*2 1 13 499 -4*0 -J J IJ I13J- 1 1*4
•7 ft 12 242 -272 b 12 Jftft -443 -ft 11 12 394 294 1 IJ 032 994 -1 J IJ «2a Old
-ft ft 12 2*2 •24ft * 12 1*9 •1*0 •3 11 12 249 -234 1 13 227 214 0 J IJ 152 -202
-J ft 12 199 217 « 12 la* 177 -3 II 12 JJft 34ft 1 IJ 951 -9*2 J 13 510 •52*
-2 ft 12 Iftft 17ft « 12 9 S3 930 •3 11 12 324 -2*1 1 13 492 •405 2 J 13 Iftd - M i
-1 ft 12 I7J 147 a 12 2*4 -307 0 11 12 139 209 1 IJ 319 JJ2 J 3 13 2*1 -2*1
9 ft 12 222 -JftJ a 12 *27 -ssa 2 11 12 *27 -*ftft 1 13 J*J 379 9 3 IJ Ivl 157
2 ft 12 241 2*7 4 12 431 444 J 11 U J22 310 1 11 J04 414 * J IJ ft07 5JI
ft ft 12 JJ4 -337 -ft V Id 332 JJ3 4 11 12 *92 •a* 1 IJ ftl 2 -47* 7 3 Ii 37* -3*9
ft ft 12 J24 JftO -7 9 12 Sift -3*1 9 It 12 •97 •423 1 13 21* -252 9 J U ill 43d
T ft 12 111 -21ft a 12 1077 104J 7 11 12 314 31ft 1 IJ *04 *J5 11 J 13 494 -4*0
a ft 12 J44 -404 -J V Id ftftft -972 -7 12 12 JftO 333 1 13 3*2 -3*1 •9 4 U 430 • IJ
19 ft 12 291 21ft - ̂ » 12 4*3 4*7 •2 12 12 44 J *30 1 13 2*4 249 -* * 13 24J -2*7
-7 7 12 37 a 371 -1 ft 12 40ft 402 -1 12 12 434 414 -12 2 13 214 -220 -7 4 13 279 -23*
•ft 7 U 720 -730 * Id 17ft -173 1 12 12 9*1 -933 -11 2 IJ 147 -95 -9 4 U 45J 423
-J 1 12 ftftT 443 9 U 3*2 •391 3 12 12 1000 OJft d IJ 19* -14* -4 4 13 all* -500
2 7 12 2*9 30* 9 12 ti* 121 9 12 Id 513 -90* 2 IJ 492 — 4* J - J 4 13 27ft -22«
»1 7 12 JIQ -3*2 ft Id •2a -441 * 12 12 27ft -2*1 2 13 10*3 1123 -2 4 U 7*3 770
1 7 12 244 d2S ft 12 7*2 714 7 12 12 23* 231 2 13 23* -dJ» o a IJ 324 -JM4
2 7 12 209 209 -In 10 12 2d« 22ft -ft 13 12 J9ft -39* 2 IJ 1203- 1123 4 13 J9d J*d
3 7 12 J 14 29ft 10 12 401 4dJ 0 13 12 14* -131 2 13 29* -400 J 4 13 Jftl •Jmft 7 12 ftOt -ftlft •4 10 12 3*1 •53* 2 U 12 720 *52 2 13 0*9 9*9 5 a IJ 434 4*7
ft ft IJ 297 -29J -10 7 IJ 91J •494 J 10 IJ 3*4 -344 la 13 174 1*9 a 1 14 44 1 -44D
7 ft IJ J99 -3*3 •ft 7 Ift J4 J •34* • 10 1) 941 -500 •10 0 14 1000 ao* -10 2 14 490 -4*3
a ft tJ 111 4ft2 -* 7 IJ T*d Iftft ft 10 13 ftlft ftjft 0 t« *4* -*ij -9 2 14 Id 1 107
9 ft IJ 27ft -327 •a 7 13 *!• -*42 9 10 IJ 444 —4 JM 0 14 77* -722 -a 2 14 43* 4 Jd
0 ft 12 ftftl 374 7 IJ 40ft 390 -7 11 IJ J24 -317 0 14 294 293 -7 2 14 2*2 -277
9 ft IJ *40 -423 •j 7 IJ 47ft 502 -ft 11 13 437 424 0 14 037 004 -* 2 14 10J -1»d
ft ft IJ ftjft *i« 7 IJ •ft* —ft*J -ft 11 13 247 211 0 M 594 -*2d -ft 2 14 JtO Jib
ft ft 13 243 -240 7 IJ *24 •ftlft •3 11 IJ 324 •J>2 0 14 399 •40* -4 2 14 J1J -22*
J ft U JJI 237 7 13 T*ft 72J 0 It U Jftft iftd 0 14 IJaft 13*2 -3 2 14 134 -IJb
2 ft IJ 279 -240 7 IJ ftftl *03 1 It 13 242 173 0 14 I4J4-I492 -2 2 14 •4*
0 ft IJ ftOI 431 7 IJ 70* -*•9 2 11 13 479 -441 0 14 919 901 -1 2 14 J*» 3*7
t ft IJ 327 332 7 IJ *d2 •974 3 11 13 49ft -4*9 0 14 iftao 14 J* 0 2 14 1099-1043
2 ft U *71 -*•7 7 13 J0« J Id 4 11 13 420 434 0 14 ill -2*2 d 2 14 57* 550
J ft U 44ft •42* 7 IJ 329 330 ft 11 IJ 57* 947 0 14 115*-102*» 4 2 14 7*9 -773
4 ft IJ ftOO ftlft -* 4 IJ Jftft 292 7 11 13 571 -940 0 14 3*5 400 ft 2 14 J24 J47
ft ft 12 27ft 27* • IJ • 12 -409 •ft 12 IJ 21ft 2Ji 0 14 to* 703 a 2 14 4 I* 4>0
ft ft IJ ftoa —4ft* ++ * 13 40* •403 •5 12 U 250 •277 0 14 JJ2 -299 7 2 Id JJT -J»d
a ft IJ ft 17 ftj* mj * 12 193 •1*4 2 12 U ftftft -571 -11 » 14 472 490 a 2 14 224 -241
i a IJ 4J1 409 mj a Ij 200 2*4 J 12 IJ 91J 927 -10 1 14 ftftl -9*2 9 2 M 2J* 20*
0 ft IJ 219 221 » IJ 437 ••Ifl • 12 13 9*2 JOJ 1 14 *32 •*5t -* J 14 511 4*2
t a IJ *12 -42 ft * 13 *99 4*2 * 12 IJ 333 -21* 1 U 904 9*4 -ft J 14 39 1 •JJI
>7 ft IJ 4*0 47* * 12 IT* •*07 -7 IJ 13 1*9 -191 1 14 70* 713 —4 3 14 •dft •77*
’ft ft IJ ft92 -ftftft 0 13 30* 304 -ft 13 13 32* -143 1 14 939 -02J -2 J 14 bid *24
J ft IJ 327 332 a 13 Iftd 220 •S U 13 92* 321 1 14 *7* -**J -1 3 14 19* -17b
•2  ft U 17ft 174 a 13 1*4 •143 -J 13 IJ 347 -3a o 1 14 795 7*5 0 J 14 415 -401
0 ft IJ 322 340 • | » 1ft 922 -5*7 -2 13 IJ 242 -dJ3 1 14 J29 J52 4 J 14 359 379
1 ft >2 04* —#42 y Ift 24 J 290 -1 13 IJ 40* 399 1 14 520 •499 a J 1* • 41 -44b
2 ft IJ ftftft -SOft mg 10 IJ Jftft 270 0 U 13 Jfli 21ft 1 14 349 3*9 * 3 14 Jbb -«10
2  ft IJ 40ft 004 •7 10 13 24« •294 1 U 13 257 -270 1 14 *00 -**l 7 J 14 322 312
4 • IJ 713 711 -* 10 13 • 10 -402 • 4 14 tJ 994 •40* 1 14 1000 104* # 3 1* **1 *•4
ft f t 12 **J -*02 10 IJ **3 *3 ft -2 14 13 594 547 1 14 22a -170 9 J 14 Jb 4 -J>4
f t  • IJ 210 -24ft mg w 13 ao« -702 0 14 13 •3* -42* 1 14 1029-1041 10 J 14 54* -aJ*
7 ft 13 J4t Jft4 •  | 10 12 270 -297 •J Ift IJ *99 *7j 1 • 4 **J *59 •11 4 1* 44ft —4*4
•  ft IJ JJJ 291 10 12 734 757 •1 Ift 13 4*7 -43ft 1 14 419 430 -9 4 14 Jb* *03
£ • 8 - r * 9 # l 0 O i f • o r •1 ft o r * - r o * * 1 r f t - r i * - • • * 91 n f f t f  * - 8 1 * 81 0  C -
•9 1 r n *1 • •  0 9 - f t i « 91 ft iO f t o r * •1 r 0 1 - n i • 9 1 91 r i r c * r - 8 9 f 81 0  * -
m i f t • I • £a iO f t * t r •  1 ft M l t * i *1 i 8 n c / • r 91 F I i * i r - • r r 81 0  9
• O f F0# U 1 • < 1 * C M f t l ft • * C - * 9 9 • 1 t £ * r 9 - i * 9 9 | n 0 i  i t * r r 81 0  ft
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ATOMIC POSI T I ONAL PARAMETERS X 1 0 * * 4  
I SOTROPI C TEMPERATURE FACTOR X 1 0 * * 3
(H X 1 0 * * 4 )  
(H X 1 0 * * 3 )
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3 0 1 2 ( 1 )  
4 8 4 3  2)  
1 3 3 9 ( 9 )
3 1 9 ( 7 )  
1 7 0 6 ( 9 ;
9 9 4 ( 7  




4 8 7 2 ( 1  
5 5 5 7 ( 2 :  
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1 5 7 8 ( 9 )  
4 5 3 2 ( 1 0 )  
4 3 9 1 ( 9 )  
6 9 8 4 ( 1 1 )  
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4 3 3 6 ( b )  
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7 6 8 9 ( 4 )  
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2 9 6 9 ( 6 )  
4187  
3 96 9  
5 81 6 '  
6 62 4 '  





7 3 7 ( 5 )  
2 3 4 5 ( 7 )  
2 9 0 2 ( 5 )  
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9 6 9 0 ( 4 )
81 17 
236 3 i  
202  1 
589  
3 1 3 8  
5 2 9 9 ( 6 )  
4 5 6 7 ( 4 )  
6000  
8864  
1 0 295 i  
8861  
7 9 7 0 ( 1 2 )  
7 3 7 5 ( 1 2 )  
5 5 4 3 ( 1 6 )  
6 5 0 5 ( 1 6 )  
6 6 8 1 ( 1 6 2 )
4 8 8 2
4 0 7 2
3918
3371
27 2 2 ( 8 ,
, 1 0 ) 
9
3 2 5 2  
4 3 2 3  
4111  
2 7 4 1  .
3 2 9 0 ( 1 2 )  
3 7 3 4  ( 9 )  
2 8 3 7 ( 1 0 )  
- 1 2 1 ( 5 )  
1 1 7 1 ( 5 )  
8 3 6 ( 5 )  
- 3 7 3 ( 5 )  
2 0 0 0 ( 5 )  
2 1 3 1 ( 5 )  
7 3 9 ( 5 )  
3 9 8 ( 5 )  
- 7 9 6 ( 3 )  
■ 2 5 3 6 ( 3 )  
■ 3 9 2 2 ( 3 )  
■3568  
• 1828  
- 8 8 9  




2 0 3 8  
1291  
1202  
1 8 6 0 < 
2 6 0 7 ( 4 )  
4 4 5 5 ( 4 1  
58 9 3 i  
6166<
5001  
3 56 4  
20981  
2438 k 
2 7 2 6 ( 1 0 )  
3 8 8 7 ( 1 0 )  
3 4 7 1 ( 1 0 2 )
9 9 4 ( 3 )  
1 1 7 4 ( 3 )  
1 1 0 4 ( 3 )  
6 1 0 8  
6051  
6 43 7  
5 9 1 4  
5 1 4 5 ( 6 )  
5 6 4 4 ( 6 )  
5 6 5 8 ( 7 )  
6 8 8 2 ( 5 )  
7 1 7 3 ( 6 )  
1891  










1 7 7 0 ( 3 )  
2 5 0 5 ( 3 )  
3 6 9 1 ( 3 )  
4 7 7 7 ( 3 )  
5 0 4 9 ( 3 )  
4 2 3 5 ( 3 }  
3 1 4 9 ( 3 ,  
1347  
4031
- 8 4 6 1
■1151 
- 2 0 7  
8 0 0 ( 3 )  





5 4 9 7  I 
62931  
6 2 3 1 ( 7 )  










1 3 4 .  . 
1 0 8 ( 5 )  
1 3 4 ( 6 )  
5 2 ( 1 8 )  
4 9 ( 1 7 )  
8 0 ( 2 4 )  
4 9 ( 1 7 )  
6 8 ( 2 1 ) 
1 2 8 1 3 5 )  
7 8 ( 2 3 )  
5 7 ( 2 0 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 }  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 6 9 ( 9 )  
1 0 8 ( 3 1 )  
1 2 2 ( 3 6 )  
1 4 6 ( 5 )  
1 4 6 ( 5 )  
1 4 6 ( 5 )
ATOM X
H ( 35 A) 8506
H 3 5 0 )  10325
H ( 3bA , 8 170
H ( 36d i 7 2 9 6
H 36A, 8 978
H 37 A 10399
H 376 9 786
H ( 38 A 12728
H [386, 12039
H 38C i 12390
H 39A i 11108
H ( 393 9 2 1 9
H '40 A 11092
H 400 9321
H 40C 10907
H 5 0 ) 4 136
12)  4 7 4 9 ( 7 )
12)  4 7 6 1 ( 7 )
12)  4 8 3 3 ( 9 )
12)  3 6 3 8 ( 9 )
1 2 8 )  3 7 1 6 ( 8 1 )
12)  2 0 7 0 ( 9 )
12)  2 5 3 4 ( 9 )
14)  3 3 5 3 ( 1 2 )
14)  4 0 3 1 ( 1 2 )
1 3 7 )  2 8 3 8 ( 8 9 )
14)  4 2 5 3 ( 9 )
14)  4 U 7 ( 9 )
16)  2 3 9 3 ( 1 0 )
16)  2 3 8 5 ( 1 0 )
138)  2 9 9 5 ( 6 9 )
7 2 )  2 0 8 3 ( 4 8 )
Z
6 2 8 6 C 5. 1
5 9 4 9 S'
5 0 8 9 6)
5 1 2 5 b)
4 62 5 6 2 )
s a i l ,6]
5 10 7 96 1 4 6 7
5 5 8 4 7
5 26 0 6 4 )
6 9 3 3 5
7192 5
6 6 0 6 ,6
7185 .6
7591 ( 64 )
2 4 9 5 ( 3 6 )
ANI SOTROPI C THERMAL PARAMETERS X 1 0 * * 3
ATOM U ll 022 U33
o ie  
C (2B
66 ( 5 )




5 8 ( 4 ]  
88 (4  
5 2 ( 4 )  
85 [41 
47 C4) 
5 8 ( 4 )  
6 1 ( 5 )  
119(5 ) 
3 5 ( 1 )  
3 9 ( 1 )  
6 0 ( 5 )  
1 5 1 ( 7 )  
4 9 ( 4 ]  
51 ( 4 )  
6 1 ( 5 )  
1SH(8) 
5 3 ( 4 )  
8 2 ( 4 )  
5 1 ( 4 )  
4 8 ( 4 )
5 9 ( « )
4 3 ( 4 )
1 0 0 ( 8 )
111(8 )
1 0 0 ( 8 )
1 0 1 ( 9 )
6 4 ( 6 )
1 0 3 ( 9 )
1 0 ( 7
- 2 7  (7
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ATOMIC POSI TI ONAL PARAMETERS X 1 0 * * 4  trl X 1 0 * * 4 )  
I SOTROPI C TEMPERATURE FACTOR X 1 0 * * 3  (H X 1 0 * * 3 )
ATOM U
.4
P ( 3 )
2 0 6 5 ( 1  
8 0 3 3 ( 5  
6 0 5 5 ( 4  
9 2 3 4 ( 6  
9 9 6 8 ( 4  
8 5 6 6 ( b )  
8 9 7 5 ( 6  
6671  
6 00 4  
7 2 0 1 ( 1  
8 4 9 7 ( 3 )  
8 9 1 4 ( 3 )  
8 5 1 1 ( 3 )  
7691 “ 
7 2 7 5  
7 67 8  
5291  
4 30 3  
3927  
4 5 4 1 ( 3 )  
5 5 3 0 ( 3 )  
5 9 0 5 ( 3 )  
2 8 6 4 ( 1 )  
6 5 8 8 ( 5  
6 3 5 2 ( 4  
7 1 2 3 ( 5 )  
7 0 8 8 ( 4 )  
5 8 0 3 ( 5 )  
5 0 2 7 ( 4 )  
8 3 9 6 ( 5 )  
9 0 4 8 ( 4 )  
7 1 4 7 ( 1 )  
8 0 2 3 ( 3  
8 6 6 9  
9 32 0  
9 32 4  
86 7 7 
8 0 2 6  
5 2 1 0  
4 3 7 5  
4 3 7 9  
5 2 1 6 ( 3 )  
6 0 5 4  3)  
6 0 5 0  “ 





3 7 0 3 ( 1 )  
5 2 4 5 ( 4 )  
4 6 2 1 ( 3 )  
6 4 b 1 ( 4 )  
6 5 5 6 ( 3 )  
6 2 7 1 ( 4 )  
6 2 3 6 ( 4 )  
6 1 4 3 ( 4 )  
6 0 1 0 ( 3 )  
6 4 3 3 ( 1 )  
5 4 3 b ( 2 )  
5 0 5 5 ( 2 )  
5 0 9 2 ( 2 )  
5 5 1 1 ( 2 ;  
5 8 9 2 '  
5 8 5 5 '  
6 7 5 2 '  
6 6 1 8 ' 
6 0 1 7 ( 2 )  
5 5 5 0 ( 2 )  
5 6 8 4 ( 2 )  
6 2 8 5 ( 2 )  
1 9 7 8 ( 1 )  
8 9 8 5  ( 4 )  
9 5 7 4 ( 3 )  
7 7 6 9 ( 4 )  
7 6 0 9 ( 3 )  
757 1 ( 4 )  
7 3 5 5  3)  
8 5 5 2  ( 4 )  
8 9 0 5 ( 3 )  
6 1 4 9 ( 1 )  
9 4 8 3 ( 2 )  
1 0 0 1 0 ( 2 ) 
9 8 5 8  ‘  
9 1 7 9  
8 b 5 1 
88031  
6 6 0 9 '  
6 8 2 3  
8 8 9 9 ( 2 )  
8 7 b 1 ( 2 )  
8 5 4 7 ( 2 )  
8 4 7 1 ( 2 )  
2 5 5 3 ( 1 )
1 5 8 7 ( 1 )  
8 3 5 7 ( 3 )  
8 3 4 5 ( 3 )  
8 0 1 7 ( 4 )  
7 7 9 8 ( 4 )  
9 2 9 3 ( 4 )  
9 7 9 5 ( 3 )  
6 8 8 3 ( 4 )  
9 1 8 5 ( 3 )  
7 2 7 3 ( 1 )  
6 7 2 4 ( 2 )  
6 2 0 6 ( 2 ) 
5 5 b 7 ( 2 )  
5 44 7  ( ? )  
5 9 6 5 ( 2 )  
6 6 0 3 ( 2 )  
6 8 2 9 ( 2 )  
6 8 0 4 ( 2 ;  
7 1 2 6 ( 2 )  
7 4 7 4 ( 2 )  
7 4 9 9 ( 2 )  
7 1 7 7 ( 2 )  
1 4 2 c ( 1 )  
8 7 0 8 ( 3 )  
8 7 9 6 ( 3 )  
9 5 3 3 ( 4 )  
1 0 0 7 9 ( 3 )  
8 5 0 7 ( 3 )  
8 5 0 2 ( 3 )  
8 7 1 4 ( 3 )  
8 8 3 2 ( 3 )  
7 3 3 3 ( 1 )  
7 3 0 4 ( 2 )  
7 1 0 1 ( 2 )  
b 6 0 0 ( 2 )  
6 3 0 3 ( 2 )  
6 5 0 7 ( 2 )  
7 0 0 b ( 2 )  
7 2 3 2 ( 1  
6 8 9 2  (1 
6 2 0 3 ( 1  
5 8 5 5 ( 1 )  
6 1 9 5 ( 1 )
6 6 6 4 ( 1 )
5 69 7  (1 )
6 0 ( 2 )  
5 0 ( 2 )  
3b (1 ) 
4 6 ( 2 )  
6 0 ( 2 )  
6 4 ( 2 )  
5 9 ( 2 )  
4 5 ( 2 )  
3 9 ( 2 )  
4 5 ( 1 )
Table 3.5 Atomic Positions and Thermal Parameters for 2
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4 3 ( 4 )  
5 9 ( 4 1  
3b ( 1 )  
41 ( 11  
3 9 ( 4 )
U22
3 6 ( 1 )
4 8 ( 4 )
3 9 ( 3 )
4 5 ( 5 )
8 4 ( 4 ,
5 6 ( 5
1 0 8 ( 5
4 7 ( 5
U33
4 4 ( 1 )  
31 ( 3 )
- 1 8
u \
4 ( 1 )
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Structure Solution and Refinement
Since both of the compounds to be discussed in this chapter contain 
molybdenum, the structures were solved using the heavy-atom (Patterson) 
technique. Patterson interatomic vector maps were calculated for both 
structures using the unique observed structure amplitudes measuring 
JFQ|>3a (Fq). For compound _1, Z=2 with 4 Mo atoms in the unit c e ll .  
Compound _2 has Z=4 with 8 Mo atoms in the unit c e ll.  I t  was therefore 
necessary to locate two Mo atoms in each structure. Analysis of the 
Patterson maps was straightforward in both cases since the pattern 
sought consisted of three large peaks, equally spaced in a lin e , of 
re la tive  intensity 1:2:1. For m olecule^, structure factor calculations 
based on Mo positions determined from the Patterson map resulted in an 
in i t ia l  R-value of 50.6%. The same calculation based on only the Mo 
atom positions from the Patterson map of structure Z_ gave an R-value of 
54.5%. While these in i t ia l  R-values appear to be high and hold l i t t l e  
promise of being correct, the Mo atoms account for only 15% and 17% of 
the electron density for compounds _1and _2 respectively, and thus were 
not discarded as incorrect. The Mo atom's positions proved correct for 
both structures as subsequent difference Fourier synthesis was 
successful for location of the remaining non-hydrogen atoms.
Both models were refined using fu ll-m a tr ix  weighted least squares 
methods. Weights for a given observation were assigned according to the 
reciprocal of the variance for that observation ( * f a  ^(F0 ) ) .^  The 
weight of a given observation is therefore dependent on its  precision. 
For both models, a ll CgHg phenyl moieties were refined as rig id  
groups. Approximate atomic coordinates were used as input which were 
made to f i t  a hexagon.^® Hydrogen atoms were then placed in calculated
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positions on the f it te d  six carbon ring. Hydrogen atoms of non-phenyl 
groups were not located from difference Fourier maps, but were also 
placed in calculated positons. All non-hydrogen, non-phenyl atoms were 
refined anisotrop ically . In both structures the bridging hydride ions 
were located from difference Fourier maps once a ll other atoms {hydrogen 
and non-hydrogen) had been accounted fo r.
As the number of parameters to be refined approached the upper 
lim it tolerated by the SHELX program, i t  was necessary that those 
atoms expected to demonstrate sim ilar thermal behavior have th e ir  
thermal parameters refined as one variable. For compound _1. a ll of the 
carbon atoms in the phenyl rings were refined with one, general thermal 
parameter. In addition, the hydrogen atoms of the phenyl groups were 
combined into one thermal variab le. The hydrogen atoms of the terminal 
methyl groups of the tetraethyl ammonium cation were also combined as one 
thermal parameter. For compound 2_, the temperature factors of the 
carbon atoms of the phenyl groups were refined indiv idually  even though 
the phenyl rings were defined as rig id  groups. In structure _2 only the 
hydrogen atoms of the phenyl groups were joined as one thermal 
parameter.
Refinement of structure _1_ ceased at an R-value of 0.0471. At this  
stage of refinement the largest s h ift /e .s .d . for a refined parameter was 
less than 0.05, and the largest remaining peak in the difference Fourier
O
map was less than 0.8 e"/A . This peak, while rather large, was located 
approximately 0.7 A from two carbon atoms of a phenyl group and thus 
possessed no chemical significance. Refinement of _2 was halted at an 
R-value of 0.0413. The largest s h if t /e .s .d . was less than 0.13, and the 
highest peak in a Fourier map was less than 0.64 e“/A . As before, this
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peak was in a chemically insign ificant location so its  presence was 
attributed  to residual noise of the Fourier synthesis.
Discussion
The structures of the two compounds discussed in th is  chapter are 
sim ilar enough that th e ir  analyses can be combined. Both compounds 
consist of substitutional variations of the anion u-H[Mo2(C0)10]" . The 
p articu lar substitutions involve replacement of one CO on each metal 
with the bidentate ligand [P(Ph)2 (CH2)xP(Ph)2] (x=4 in _1, x=l in _2) 
bridging the two metal centers. The two organometal1ic anions in _1_and 
_2 are associated with the cations [ E t a n d  [(Ph)4P]+ respectively. 
Structural diagrams of the molecular anions of the compounds are shown 
in Figure 3.3 and Figure 3.4.
For both structures the six coordinate Mo atoms reside in
essentially octahedral environments. The Mo atoms are separated by 
3.4995(8) A and 3.4028(8) A in compounds _1 and 2 , both too long to 
invoke any direct metal-metal bonding. (A discussion of the p o ss ib ility  
of metal orbital overlap in the 3c-2e“ bond w ill occur la te r ) .  The 
difference in the two metal-metal distances is correlated with the 
lengths of the alkyl bridge. The subsequent decrease of 0.097(1) A from 
_1_ (butylene) to 2_ (methylene) causes a corresponding decrease in the 
Mo-H-Mo angle from 133.6° to 130.7°. In addition, considerable 
differences in the re la tive  disposition of the two MoP(C0)4 halves of
the anion arise when the bridging alkyl groups are changed. In molecule
1_the longer butylene bridge forces the two P atoms away from each 
other, while in molecule _2 the P atoms lean toward each other. In 
accommodating the longer bridge in _1, the d2sp3 orb itals  with which the 
hydride ion is to mix are pointed toward the alkyl bridge. In molecule
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Figure 3.3 Structure of the Molecular Anion of J
122
Figure 3.4 Structure of the Molecular Anion of 2
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_2, the shorter methylene bridge forces these same orb ita ls  to l ie  
para lle l to the bridging CH2 group. So, while a decrease in the Mo-Mo 
distance brings about a corresponding decrease in the Mo-H-Mo angle, the 
re la tiv e  position of the hydride ion is d iffe ren t in molecules 1_ and _2 
as a result of the redirection of the necessary metal o rb ita ls . This is 
demonstrated by the differences in the dihedral angles generated by the 
two planes defining the following groups of atoms: Mo-H-Mo, and Mo-P-
alkyl bridge-P-Mo. In _1. th is  angle is 22° while in 2_ i t  is 71°. The 
structural results of these combined effects are demonstrated in Figure 
3.5 .
The exact nature of the conformation of the planar groups defined
by the metal aotms and equatorial carbonyls has recieved considerable
a tten tion . Examples of both eclipsed and staggered m-H[M(C0)5] 2" ions 
7Q RDare known. 3,ou In the compounds reported here, the anions are in
p a r tia lly  staggered conformations. Calculations of the dihedral angles
of the corresponding planes defined by the atoms Mo-P axial CO shows
that the tw ist angle is 41.7° for and 21.5° for _2; th is is shown in
Figure 3 .6 . Thus, shortening of the alkyl bridge from butylene to
methylene brings about a drastic decrease in the tw ist angle between the
two halves of the anion. This is not unexpected, for as the chain that
links the two P atoms is decreased in length, the two halves of anion
are forced to register more closely. I t  has been shown that the tw ist
of the u-H^CC O jglg- i ° n i ts e lf  depends on the packing forces and the
77choice of the counter ion; however, the s te ric  and geometric 
requirements of the bridging P-(CH2)X-P groups unquestionably govern the 
anion conformations reported here.
In addition to the tw isting distortion of the anion framework, the
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Figure 3.5 Hydride Ion Location in 1 and 2
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P2.
Figure 3.6 Dihedral Angle Formed by the Pl-Mol-Mo2-P2 
groups in and £
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dihedral angle formed by the Mo atoms and related equatorial CO's has 
been used as a measure of the degree of anion framework bend. These 
bending angles are 24.3° for _1_ and 21.5° for _2 (Figure 3 .7 ). Once again 
i t  is observed that the shorter bridging chain length has the e ffect of 
decreasing the dihedral angle between these planes. These values l ie  
between those reported for the [(Ph3P)2N]+ and [K (crypt-222)]+ salts of 
the w-H[Mo2(C )) iq ]~ a n i o n . T h e  bending angles for these structures 
are 15.4° abd 29.9° respectively. The y-H[Mo2(C0)1g]" group is 
obviously much more fle x ib le  than the bridged anions reported here, as 
demonstrated by the wide range of the dihedral angles observed. The 
doubly bridged anions appear to be much more rig id  with th e ir  geometries 
essentia lly  determined by the length of the bridging alkyl group.
Another measure of anion framework f le x ib i l i ty  is the angle formed 
by the two vectors defined by the Mo atom and axial CO from each half of 
the anion. The calculated values for these angles are 158.5° for _1_ and 
161.3° for _2 (Figure 3 .8 ). The shorter alkyl bridge in _2 causes the
(axial)0C-Mo MO-CO(axial) group to become more linear than in the
butylene bridged _1.
Calculation of the angle of intersection between the Mo-(axial)C0 
vectors (from the two halves of the molecule) brings forth an 
in teresting observation concerning the location of the hydride ion. In 
many of the early x-ray studies concerning these compounds (in which 
hydrogen atoms were unobserved) the H atom was believed to be located on 
the metal-metal internuclear lin e . The location of the H" was not 
observed because most of the early research done on these structures was 
based on film  techniqes. The d iffracted  x-ray intensity is dependent on 
the number of electrons in the d iffra c tin g  medium, and visual judgement
Figure 3.7 Dihedral Angles Formed by the Mo-P-(equatorial)CO 
groups in 1_ and Z_
gure 3.3 Angle Formed by the Mo-(axial)C0 Vetors in 1 and
M
Figure 3.9 3c-2e" Open and Closed Bonds
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of spot in tensities  did not provide su ffic ien t precision to allow for 
location of the H“ ion based on difference Fourier techniques. With the 
advent of sophisticated detector systems and neutron d iffra c tio n  studies 
of these compounds i t  was learned that M-H-M group was in fact bent and 
not lin e a r. The exact nature of the bonding involved in these systems 
then became the object of much dispute.
I t  has been proposed72 that the M-H-M bond consists of a 3c-2e” 
bond much like  those found in boron chemistry. As in the chemistry of 
boron there are two d iffe ren t manifestations of th is  bond; that is , the 
3c "open" bond and the 3c "closed" bond, both shown in Figure 3 .9 . I f  
the M-H-M bond were of the open type, based on orbital considerations, 
the hydride ion should l ie  at the intersection of the two Mo-(axial)C0 
vectors. This is not the case as Figure 3.10 shows, indicating that the 
3c-2e” bond is closed. The significance of th is in terpretation of the 
structural data is that while the metal centers are much too far away 
from each other to speak of any d irect metal-metal bonds, the closed 
nature of the 3c-2e“ bond inferred from the hydride ion poisitons, 
indicates reasonable overlap of the metal o rb ita ls .
Inspection of Tables 3.6 and 3.7 of bond distances and angles shows 
that the carbonyl (C-0) distances agree well with values reported for 
sim ilar s t r u c t u r e s . A n  in teresting pattern in the carbonyl bonding 
should be noted as i t  re flects  s im ila r itie s  reported by Petersen, 
et a l . , 77 in th e ir  studies of the d iffe ren t salts of 
u-HCMo2(C0)10]" . I t  was observed by Petersen that the axial carbonyl, 
opposite the bridging hydride, exhibited a shorter Mo-C bond by some 
0.05 -  0.09 A than that found in the Mo-equatorial carbonyl groups.




Figure 3.10 Location of the Hydride Ion in the 3c-2e“ Bonds 
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Table 3.6 Bond Distances and Angles fo r X
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a n g s t r o m s
2 . 0 2 9 ( B )  
1 . 9 6 4 ( 0  
2.010(8, 
1 . 9 5 9 ( 7  
. 5 1 3 ( 2
I . 9 9 4 j 
2 . 0 3 4
ill®':? 
m i
BOND ANGSTROMSK £ ;:s i3 > n
(1 0 C u 1 .3 9 5 5)
10 C 15 1 .3 9 5 0
11 £ 12 1 .3 9 5 5
12 c 13 1 .3 9 6 6
13 Cl 10 1 .3 9 5 ■ 5
c 15 1^395 x
20 c 21 1 .3 9 6 0
20 c 25 1 .3 9 5 5)
c 22 1 1395 ,5
22 c 23 1 .3 9 6 5
23 c 24 1 .3 9 6
24 c 25 l l 3 9 5 5
30 c 31 1 .3 9 4 ,0,
30 c 35 1 .3 9 4 ,6,
31 ’ c 32 1 ,3 9 6 0





( . 3 9 5
1 .3 9 5
0
0
*9 c 01 1 .3 9 4 .540, c 45 1 .3 9 6 .5
“ I c 42 1 .3 9 6 ,402 c 43 1 .3 9 4 5
43 c 44 1 .3 9 5 ,5
,44 c 45 { * 396 ,4
SO c 5 1 } .  396 7
50 c 55 1 .3 9 4 0
M 8 1! h i ? !
0
053
54 I I s u m I
60 c 01 1 . 3 9 5 0
60 i c 05 1 : 3 9 3 71 c 02 1 .3 9 6 0
02 c 03 1 .3 9 5 7
> 3 c 04 1 ,3 9 6 004 c 05 l ! 3 9 5 6
70
70 8 n 1 :3 9 ? ,0,,7
I I c 72 1 .3 9 4 0
72 c 73 1 .3 9 5 7
73 c 74 1 .3 9 5 , 0
74 c 75 i:344 6
BO c 81 1 .3 9 5 6BO c 65 1 .3 9 4 ,7,
> 1 c * 2 1 .3 9 562 Q 63 1 ,3 9 5 .7 '.
63 c 64 i : 3 9 5 0
84 c 65 1 .3 9 4 .6
Table 3.7 Bond Distances and Angles for 2
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is not as good as a u-acceptor as CO and thus causes a subsequent 
shortening of the Mo-C bond in the trans position. The in a b il i ty  of the 
metal atom to release electron density to the hydride ligand permits 
greater release of metal electron density to the antibonding orbital of 
the trans carbonyl. The subsequent it bond formed between metal d̂ 
orbitals and antibonding carbonyl orbitals produces a shortening of the 
Mo-C bond. This n-acceptor role of the carbonyl group is operational 
for the equatorial carbonyls as well, but i t  is the uneven competition 
for electron deni sty in the trans H-Mo-CO group that causes the observed 
Mo-C bond shortening. This effect is present in the two structures 
reported here. In structure _1, the Mo-C4A bond is 0.08(1) A shorter 
than the average value of the Mo-CIA, Mo-C3A bonds. The Mo-C4B bond is 
0.08(2) Ashorter than the average of the Mo-CIB, Mo-C3B bonds of 
2.02(1) A. In structure _2, the Mo-C4A bond measures 0.06(1) A shorter 
than the Mo-CIA, Mo-C3A average 2.02(1) A ; and the Mo-C4B bond is 
0.07(2) A shorter than 2.03(2) A average of Mo-CIB, Mo-C3B. Using the 
parameter e , calculated according to the following equation.
dl -  d2
E =
r 2 x 2 'i 1/2C + % 2J
as a s ta t is t ic a l measure of the significance of the bond deviations 
cited above, the following results are noted:
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Bond (d |) Avg. Bond (dg) e
Structure
Mo-C4A Mo-CIA, Mo-C3A 6.82
Mo-C4B Mo-CIB, Mo-C3B 6.47
Structure 2_
Mo-C4A Mo-CIA, Mo-C3A 5.64
Mo-C4B Mo-CIB, Mo-C3B 6.59
In the equation for calculating e , dj is the length of the Mo-C4A(B) 
bond; d  ̂ is the mean of the related Mo-CIA(B), Mo-C3A(B) bonds; o ^  is 
the variance of the Mo-C4A{B) bond; a ^dg is the variance of the mean 
for the related C1A(B), C3A(B) bonds. A value of e greater than 2,58 
indicates that the difference in bond lengths is significant at the 
99.9% confidence leve l. The Mo-C bond trans to the hydride ligand 
therefore exhibits quite a significant shortening over the symmertically 
disposed (OC-Mo-CO) Mo-C distances in both _1_ and _2.
A second location for shortening of the Mo-C bond distance occurs 
for the carbonyl groups trans to the phosphine ligands in both these 
structures. This decrease in bond length is observed, as inspection of 
the tables of bond lengths w ill verify . The shortening is of the same 
order of magnitude at the observed deviations for the Mo-(axial )C0 bond 
lengths. A table of e values for the Mo-C bonds trans to the 
phosphine substitutions is presented below:
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Bond (d^) Avg. Bond (dg) e
Structure 1
Mo-C2A Mo-CIA, Mo-C3A 4.27
Mo-C2B Mo-CIB, Mo-C3B 3.90
Structure 2
Mo-C2A Mo-CIA, Mo-C3A 4.42
Mo-C2B Mo-CIB, Mo-C3B 3.38
The in a b il i ty  of the a lky l/ary l phosphine ligand to successfully compete 
as a it -acceptor with a trans carbonyl function is s ign ificantly  
manifested by the calculated values of e in the above table.
Petersen also reports a lengthening of the C-0 bond for the 
carbonyl trans to the bridging hydride. This is consistent with theory, 
for as the metal atom releases electron density to an anti bonding 
orbital of the carbonyl group to form the Mo-C it bond, the bond order 
of the C= 0 bond decreases. This decrease in bond order is reflected in 
a subsequent increase in the C-0 bond distance. Petersen reports an 
observed lengthening of 0.02-0.03 A for carbonyls trans to the hydride 
ligand. Calculation of the e values for the axial CO compared to the 
equatorial CO's for Petersen's data, show a maximum value of 
e = 2.56. This indicates that the significance of the apparent 
lengthening of the axial C-0 distance is marginal at best. The 
following table l is ts  the calculated e values for the average C-0 bond 
lengths of compounds 1 and 2 .
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CO Bonds averaged CO Bonds averaged e
Structure 1
1A, IB, 3A, 3B 2A, 2B, 4A, 4B 1.45
Structure 2
1A, IB, 3A, 3B 2A, 2B, 4A, 4B 0.19
In the table, the average bond length of the carbonyls trans to one
another (d j)  are compared with the average carbonyl bond length for
those trans to the hydride and phosphine ligands (d2) .  The calculated 
values of e for structures _1 and _2, demonstrate no s ignificant  
differences among the C=0 bond distances.
Only one of the carbonyl groups (C3A-03A of structure _1) is within 
one standard deviation of being in a linear arrangement with a Mo 
atom. While carbonyls are in general not l in ea r, they exhibit no 
general tendency for distortion either towards or away from the bridging 
hydride as is reported in some related structures.^® I t  was anticipated  
that nonlinearity of the Mo-C-0 bond might be related to any inequality  
of the C-0 bond lengths. Just as the unequal ir -acceptor a b i l i t ie s  of
the CO, H", and phosphine ligands was demonstrated in the different Mo-C
distances, so too might unequal donation of electron density from 
orthogonal d_orbitals to the orthogonal set of antibonding orbitals of 
the C-0 group be manifested. Plots of Mo-C-0 angle vs. C-0 bond 
distance are shown in Figure 3.11. The plots show that there is l i t t l e  
relationshp between the two parameters as evidenced by the correlation  
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Figure 3.11 Plot of Mo-C-0 Angle vs. Bond Distance for la n d  2
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for 2 , Non-linearity of the Mo-CO groups is thus not very dependent on 
the carbonyl’s s ite  of coordination on the metal center. Correlation 
coefficients were also calculated for the Mo-C distances and the related 
Mo-C-0 angle. These correlation coefficients were determined to be 
-0.68 for _1_ and -0.41 for 2 . An inverse relationship between Mo-C 
distance and Mo-C-0 bond angle is indicated by the negative values of 
the correlation coeffic ients, but th e ir  magnitudes once again are not 
large enough to consider s ign ificant.
Inspection of the average Mo-P distances for the two structures 
reported here show them to d i f fe r  s ig n if ica n tly . For ^  the average Mo-P 
distance is 2.540(3) A and for the 2̂  the average distances is 
2.51(3) A . Calculation of the e parameter for these distances gives a 
value of 6.84, indicating an outstanding difference in the Mo-P 
distances in structures _1 and 2̂ with some related molecules is given in 
the following table:
Structure 1 
[E t4N]y-H[Mo2(C0)9PPh3]  
[E t4N]u-H[Mo2(C0)8(PMePh2)2]
Structure 2 
[E t4N]y-H[Mo2 (C0)9PPh3] 
[E t4N]v-H[Mo2(C0)8(PMePh2) 2]
Mo-P = 2.540 (3) A z
Mo-P = 2.565 (1) A 7.91
Mo-P = 2.541 (4) A 0.22
Mo-P = 2.512 (3) A £
14.98
6.00
The Mo-P bonds in Structures _1 and _2 resemble more closely the Mo-P
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distances observed in the neutral molecule MoPPf^C^PPhgtCO)^.81 The 
observed Mo-P distances 1n this structure are Mo(1 )-P (1)= 2.535 A; and 
Mo(2 )—P(2> = 2.501(2) A.
Infrared spectra of compounds _1 and taken in tetrahydrofuran, 
show s lightly  d ifferent patterns in the region of the carbonyl 
absorption frequencies. The observed peaks for the two structures
v (  CO) cm"̂
1 2
2010 (w) 2010 (W)
1980 (w) 1990 (w)




1828 (m) 1837 (m)
2010 (w) 1990 (w)
1908 (s) 1837 (m)
These changes in the observed frequencies 1n the carbonyl region are 
believed to be the result of d iffe rent existing conformations for the 
framework of the anion. This 1s born out 1n the solid state as 
demonstrated by the difference in the dihedral angles for the
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P-Mo-ax1al CO groups located on the d ifferent halves of the anion. (In 
structure _1_ this angle is 41.7°, and in 2_ i t  is 21 .5 ° .)  The greater 
twist of the anion framework in _1_ results in a reduction of the infrared  
equivalency of the carbonyl groups, giving rise to a more complex 
spectrum.
Examination of the cation structures for both molecules shows them 
to be of essentially tetrahedral geometry. While some distortions from 
ideal symmetry are evident in the tables of bond lengths and angles, 
they are not unlike distortions observed for the same cations in related 
structures.73,80
Calculations of contact distances out to 3.3 A showed that no 
significant intermolecular interactions ex is t. Thus, a ll  distortions in 
the anion discussed above must result largely from the geometric 
requirements and steric interactions of the bridging alkyl groups.
While Petersen has noted that anionic distortions can be selectively  
achieved by suitable choice of a cation in bridged hydride systems, this  
does not seem to be of comparable structural significance for compounds 
1_ and 2 . I t  is true that the cation-anion interactions cannot be denied 
in _1 and 1 \ however, the degree of influence of the cation on the anion 







... The chemistry of the group of ionic compounds known as the
tetracynometallates has been under investigation for well over 100
82years. A detailed account of the history of these novel compounds has 
been compiled by Williams.83 Interest in these compounds has varied 
from th e ir  preparation,8  ̂ to the intriguing optical properties they 
e x h ib it ,88 to th e ir  apparently t r iv ia l  yet quite complex
OC
crystallographies. This chapter is concerned with two such compounds,
Cs2Ni(CN)4 • H20 and SrNi (CN)4 • 5H20.
The work reported on the structure of Cs2Ni(CN)4 • H20 represents
the complete single crystal structural analysis of the compound.
Lattice constants had been previously determined in a powder d iffraction
study of a series of isotypic structures of compounds of the general
87
formula Cs2[M(CN)4] * H20 where M = Ni, Pd, Pt.
The discussion of the SrNi(CN)4 • 5H2Q structure reports a
redetermination of a structure orig inally  reported by Lambot88 in
1943. The original structure was solved using film  data of 84 observed
reflections. Lambot did not report atomic positions, and describes a
d ifferent intrepretation of cation coordination geometry than w ill  be
presented here. While this redetermination may boast of greater
precision, the original structural analysis was quite impressive.
A third structure, Na2Ni(CN)4 • 3H20, presented in Appendix^, is a
structure of partia l resolution suspected of being a twin. I t  is
somewhat doubtful whether the complete structure of this compound w ill
ever be known due to Its  tendency to form twinned crystals. I t  was
pointed out by Williams,83 that many of the early structures of this
class of compounds suffer from twinning or improper choice of origin.
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I t  is maintained that many of the structures that have been "solved", as 
well as many that have been unsuccessful, have involved twinned 
crysta ll ine  samples. An attempt was thus made to determine the 
structure of the Na analog although 1t was most l ik e ly  twinned. I t  was 
hoped that a successful solution would provide needed information about 
twinning mechanisms and techniques for the ir  manipulation.
Personal interest in these compounds was stimulated by the 
spectroscopic investigations of Professor Ronald L. Musselman of 
Principia College. Dr. Musselman has been interested in the single 
crystal reflectance spectra of not only the tetracyanonickellates, but 
also the palladates and platinates. I t  has been observed that 
significant spectral changes occur as transition to the solid state from 
solution takes place. The solution spectrum of the Ni (CN)42_ anion is 
shown in Figure 4 .1 . Figure 4.2 shows the solid state reflectance 
spectrum of Cs2Ni(CN)4 • H20 (reproduced by permission).
I t  is believed that in those solid state structures where cation 
size and state of hydration permit orbital interaction between the 
Ni{CN)42_ planes, the existance of "out-of-plane" electronic transitions  
can be observed. As the name implies, the "out-of-plane" transition  
involves electrons in those orbitals of the molecule not involved with 
the sigma bonding cyanide ligands; for example the dz2 orbitals of the 
metal. I t  is usually the dz 2 orbitals that are brought into close 
proximity in the solid state as the Ni (CN)42“ planes begin to form 
anionic columns. When cation size and degree of hydration permit 
suffic ient overlap of the dz2 o rb ita ls , the spectrum of the interacting  
Ni(CN}42- ions in the solid state d iffers  s ign ificantly  from that of 
isolated ions in solution.
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Figure 4.2 Solid State Reflectance Spectrum of Cs2Ni(CNJ^-I^O
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I t  was in i t i a l l y  anticipated that the crystallographic results of 
the stutty of these compounds would demonstrate the dependence of the 
"out-of-plane" transitions on such variables as cation size, metal-metal 
distance, and state of hydration. I t  was not long before i t  was 
realized that these compounds are interesting on the basis of the ir  
solid state structures alone. The discussions that follow in this  
chapter w ill  deal primarily with the structural analysis of these 
compounds in the crysta lline  state. No attempt w ill be made to analyze 




Golden-yellow crystals of C s g N i ( C N • HgO were kindly provided by 
Professor Ronald L. Musselman of Principia College. The prismatic, 
needle-like crystals were well formed and of good optical quality .  
Satisfied that the crystals were single, following examination under the 
polarizing microscope, a sample of suitable size was cut from a larger 
crystal and prepared for data collection.
Indexing of the 25 randomly located reflections generated the 
following set of la t t ic e  constants:
a = 9.556 (1) A
b = 9.554 (1) A




This presented a twofold ambiguity as to the correct identif ication  
of the crystal system. The above la t t ic e  constants are consistent with 
both the trigonal and hexagonal crystal systems. In order to 
distinguish between the two, i t  was necessary to determine i f  the axis 
of rotational symmetry was of order 3 or 6. In order to verify the 
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Diffractometric inspection of the intensities of a number of reflections  
related by this rotation showed them to be comparable. The crystal 
system was thus tenta tive ly  assumed to be hexagonal. This then, gave 
rise to two possible Laue groups; 6/m and 6/mmm. In the Laue group 
6/mmm the reflections hkl and khl are equivalent. Quickly scanning 
reflections related in this manner showed them to be of unequal 
in tensity , thus identifying the Laue group as 6/m.
As the hexagonal crystal system had not been encountered by the 
author before, extreme precautions were taken in order to insure that an 
optimal data set be collected. Intensity data were collected using 
Mo-Ka radiation in the range 0°<e<30°. In order to maximize precision 
i t  was decided that the data would be collected in two "shells", one for 
low angle data (e<20°) one for high angle data (30°>q>20°) . As 
reflections at low angle are generally more intense that those at higher 
2© values, reflections in the low angle shell were scanned considerably 
faster than those in the high angle set. In an attempt to prevent the 
omission of any data, redundant reflections were collected, for positive 
values of % , from the sectors of reciprocal space diagrammed below:
M  O |
low
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While this might have been an overly cautious approach to data 
collection, i t  was done to prevent having to recollect completely a new 
data set should the crystal system be d ifferent from that hypothesized.
Intensity measurements were made for 3206 reflections which were 
subsequently corrected for Lorentz and polarization effects by the 
program REDUCE. Of the 3206 reflections measured, 1482 were determined 
to be unique using the program SORTMERGE.** These sorted reduced data 
were then used as input to the program CLASSIFY** which organizes the 
reflection according to classes (hkl;hk0;h01; 0 k a ; h 0  0 ; 0 k Q ;
0 0 i  ) and parity groups within each class. For the 00a data i t  was 
observed that only data with a =6n were present. The systematic 
absence of *=6n+l indicates the presence of a 6̂  or 6  ̂ screw axis. This 
gives rise to two possible space groups, P6j and P6g. As these space 
groups are enantiomorphic, e ither one may be chosen for structure 
solution and refinement. Only a fter  the structure has been solved and 
completely refined can any decisions possibly be made concerning the 
exact identity  of the space group. A detailed account of the methods 
applied to discern the true space gorup w ill  be discussed in the next 
section of this chapter. For purposes of solving the structure and 
in i t ia l  refinement, P6  ̂ was chosen as the operational space group.
Periodic measurement of standard in tensities revealed no 
significant decay due to x-ray exposure. Because of the presence of 
cesium along with the non-uniform (needle) shape of the crysta l, the 
data were corrected for absorption effects (y (Mo-Ka) = 84.6 cm- * ) .  
Table 4.1 contains the crystal data, while Table 4.2 contains the 

























Table 4.1 Crystal Data for Cs2Ni(CN)4 >H20
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4 • 0 4 f t U - 4 U 2 2 43 244 - 2 12 2 27ft 274 -7 10 3 M J 10% - 2 • ft * 3 7 3 2 * J *
2 MO 142 - f t 10 A 224 221 * 2 4 J 4 02 • I I - f t • 2 342 2 23 -2 * ft 17 Ja |J7 ft
4 • f t ft 4 40 - 9 12 2 171 142 - 1 ft 1 ft*0 4 02 - * 10 J 4 2 * 4 1 0 - f t 4 4 l i f t * 1 *e  1
2 2 4 7 I f t f t - f t 12 ft 2 07 194 - 1 4 i 1421 1449 • 0 11 3 2 *3 J f t * - 2 7 ft f t l f t •  b«
A 12ft l i f t - W I I A 224 2 2 ft - 1 7 J f t f t i *4 9 - 4 12 I ftftft * 3 * -2 * •  f t f t i «7«
4 1110 1129 -1 1 12 2 27ft 20% - 1 0 2 241 3?A - 0 IJ 3 14* 121 - 2 * ft 2aa • 2 *
2 • f t f t ftftft ft I 9 4 * 920 - 1 9 2 7 1 * 7 40 -9 10 3 1»9 143 - 2 10 •  * i»j f t f t i
2 111 122 0 2 3 1140 1120 - J 10 3 1011 102* - * 11 1 2 70 i f t f t - 2 I t ft 249 2 *9
2 294 2 92 0 J I 7 f t 70ft - 2 11 2 210 21? -9 12 2 247 2 * 9 - 2 12 4 2 ft* 2 * *
2 • f t f t f t l f t 9 4 2 2221 2 12 7 - J 12 J 193 214 -1 0 11 3 4 * 4 4 01 • 2 • ft 1 *04 1 9a*
2 M l 121 9 5 I f tM 7 *9 - 4 ft 2 3 *1 3 *4 -1 0 12 3 * 1 0 2 0 * - J > 4 M l 171
2 2 20 i l l 9 • J 4 0 * 400 - 4 ft 1 1121 1124 -1 1 12 3 Iftf t l« ? - 3 ft ft * * i I J J I
4 270 2 ft« 0 7 1 447 • ftft - 4 7 J • f t i • 4 4 0 I 4 1 *1 * 1 0 3 * - 3 7 ft 1200 l* J f t
2 449 4 74 0 ft A 0 *1 922 - 4 0 A 220 324 0 2 • 1 2ft* I J f tJ - 3 * ft 1 3 ft* 1 j * 2
2 744 ftftft 0 ft i ftftft ftftft - 4 9 2 2 44 2 f t ! 0 3 • M M tf t« 3 - J V 4 % i i •  f t i
2 1 77 270 0 11 J 197 194 -4 10 J 141 144 0 4 • *4 4 * 4 * - 2 10 •  f t * * •  l»
Table 4.2 Observed and Calculated Structure Factors for 
Cs2N1(CN)4-H20
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•  ■ 1 10 ID IW C a a 3  m o IW C ■ K 1 1010 1 0 IC « 1 L i o n lo r e 9 « I. 10
►J 11 4 7 J7 743 - 9 10 ft 2 19 2 02 . j b 1399 1413 - 7  12 ft 3 * 9 3 * 3 - 2 4 •  4
-J  u 4 f t f t t 4 91 - 9 i t 4  f t f t f t 391 - 3 3 74? 7 * 3 - 7  13 ft 144 1 *2 - 2 ft *  J
-4 t 4 424 931 - f t 12 4 142 133 - 3 ft 3 0 * 494 - 4  9 ft « t« 3 99 - 2 • *  4
« * 4 1024 1904 • 1 0 I t ft J4Q 342 3 *1 4 *  19 - •  10 ft 19 J 174 -2 7 •  7
•  7 4 1229 1292 - 1 0 U 9 I f t f t 191 3 323 329 - •  11 ft 173 144 - 2 1 *  b
*  • 4 222 222 0 1 ft 2 0 0 3 2 0 4 J - J a 43ft 4 4 * • a  12 ft 201 170 - 2 9 *  -
« i 4 1229 1247 0 2 ft 177 ft 1 7 * * ft 11 * 129 - 4  13 ft 3 3 * 3 3 9 - 2 10 *  *
«  10 4 244 24ft 0 3 3  141 a 1 9 ft* —3 ft 4 33 4 * 1 • 9  10 ft 1 4 * 110 - 2 12 *  *
4  11 4 3 70 292 0 4 ft 4 3 ft 441 - 3 3 300 307 - 9  11 ft 3 14 309 - 3 4 *  t
4  12 4 331 337 0 ft ft I l f tO 1207 - 4 ft 1 30 * 1304 - 9  12 ft 2 93 2 9 4 • 3 9 *  *
ft b 4 1947 1332 • 4 a 4 * 1 491 —4 3 1071 1011 -1 0  11 ft 17ft 1 *0 - 3 * •  1
b  7 4 •0 2 91ft 0 7 a 4 40 43ft —4 ft 904 922 -1 0  12 ft > 2 * >44 - J 7 •  *
b  • 4 •2 4 9 3 ft 0 9 ft  231 247 - 4 ft 4 *4 * 9 3 0 0 * 2 *7 7 2JQ7 - 3 * *  *
b  9 4 443 * 4 4 • 9 ft ftftft 390 —4 3 472 4 *7 0  1 * 10*1 1 0*2 - J * ft 1
b  10 4 •  19 • 2 4 0 10 a  2 43 2 9 2 - 4 ft 3 20 3 2 * 0 2 * 224 22 3 - J 10 •  1
b  >2 4 ftftft 391 0 I I ft 2a9 2ft« - 4 ft 223 320 0 3 * 492 4 J 3 - J 11 *  2
b  12 4 203 190 - 1 2 3 1071 f  04> —ft ft * 0 0 f t l f t 0 4 4 390 3 9 * - J 12 *  t
b  7 4 220 244 -1 J f t  1 *74 1977 —ft 3 749 731 0 ft ft 2 *0 2 4 * -4 9 *  1
b  • * 719 49ft - 1 4 f t  * * • 492 -  3 ft 700 4 9 * 0 4 4 443 4 93 -4 * •  3
b  9 4 4 13 413 - 1 a 9 1449 IftOO ft 404 403 0 7 * 902 294 • 4 7 *  •*
*  10 4 249 391 •1 ft ft 4 3J * 2 2 ft 3 * 4 310 0 4 * 123 10* -4 1 *  J
*  11 * 290 293 - 1 7 ft 401 4 09 - f t ft ftJ h f t l f t 0 9 * 2 9 * 2 * 4 -4 * *  1
b  12 4 392 340 - 1 4 ft 319 322 - 3 ft 20 ft 203 0 10 * 20J 1*4 * 4 10 9 a
'4  12 4 293 2 9 ft -1 9 f t  4 ft* 449 - f t ft 314 31ft 0 11 * 243 270 - 4 11 *  a
►7 4 • 1130 1 10ft - 1 I I ft J 4 * 3 *4 - * ft « / * * 7 * -1  2 * > *7 9 * 4 -4 w *  1
7  9 4 293 270 - 2 3 ft 4 42 4 30 - * ft • b * 9 *1 - 1  J • 192 1* 1 - f t • *  1
7  10 4 442 442 *2 ft ft • * » •  74 - 4 ft f t 4 j ft*4 -1  4 4 292 2 *3 - a 7 *  J
7 11 « •4 7 4 77 • 4 ft ft 1 3 *7 1*24 - * ft 337 f t j i - 1  ft * 741 7 *2 - f t 4 4 J
7 12 4 ft«2 92 1 - 2 7 ft 410 423 - * ft 3 3 * *4 2 - 1  4 4 1071 1 0 7 * - a * 4 *
« 9 4 • f t f t • f t f t •2 9 ft 909 •3 1 - 4 ft 2 7 * 477 - 1  7 ft a70 >7? - a 10 *
0 10 4 919 999 - 2 ft a  4 4 1 492 - 7 ft 4 4 * 4 *0 -1  4 4 327 J i J -9 11 *  *
•  11 4 739 73ft - 2 10 a 23a 22 ft - 7 ft I J * 1J9 -1  4 4 237 JJ  1 - a 12 •  1
« 12 4 234 239 •2 I I a 2 4 1 2 3 * •  7 ft 749 73ft - 1  10 * 4 J? 237 - • 7 •  J
4 3 1 0 304 - 2 12 ft 2 3 2 229 ft 321 J J ft - 2  3 4 7 9 * 7 *1 - • 9 *  a
•  1 t 492 497 - 2 4 7 173 13ft - 1 7 492 4 *7 - 1  9 • 494 •  73 -9 12 1 J
>7 0 0 401 414 • 2 ft 7 4 2 * 43 ft - 4 7 ft09 411 -1  10 9 >20 *4 0 - f t 7 b  j
•7  9 ft 209 307 -2 ft 7 1170 1174 - 4 7 3 *4 J t f t -1  11 • 241 291 - • 9 •  *
•7  11 ft •  07 403 - 2 7 7 3 *0 344 - 4 7 I J * 12* - 2  3 1 •2 7 93 J • * * 4 1
*7 12 ft 391 314 - 2 • 7 a l l 939 - 7 1 742 7 7 * - 2  4 1 1*74 I 9 0 t - * 10 *  *»
*7 U ft 199 21ft - 2 ft 7 333 -  7 7 72* 719 - 2  ft 9 U 4 * 1711 - f t 11 •  1
>0 « ft 249 274 - 2 10 7 2 *1 2ftft - 7 7 f t l f t ftO* - 2  • 4 403 • 2 * - f t 12 4  9
•  11 ft 222 221 • 2 11 7 104 112 • 7 7 299 213 - 2  7 • >09 4 *4 - 7 • *  tt
-0 12 ft 339 3 34 - 2 12 7 349 374 - 9 7 4 *2 4J3 —2 9 9 904 912 - 7 * •  b
•  10 ft 3 » 379 - 3 4 7 1041 1 03* - • 1 *1 4 199 - 2  9 • 940 9 42 -7 11 9 •*
>1 11 ft 199 190 - 3 3 7 t u n 904 - 9 7 J J ft J J * - 2  10 • 1011 1 0*0 * 7 12 1 4
»1 12 ft 23 ft 2 32 - J ft 7 l u a l 1 0*3 - 9 1 3 7 * 3ft« - 2  11 • 224 •  20 - 9 9 9 -
0  U ft 120 119 - 3 7 7 1021 1047 7 JOO 303 • i  4 4 la * 7 1 *1 0 • 9 10 9 3
•  1 7 1091 t0 7 ft - 3 • 7 74ft 7 70 • 0 7 241 2J4 - 3  ft 4 927 *1 1 - 9 11 9 a
0 2 7 1944 2040 - 3 i 7 I f t f t 1 *4 • 1 0 7 2 3 0 2ft1 - J  * 9 1101 1 1 2 * -9 12 9 2
0 2 7 1479 1471 - 3 10 7 3 43 3 * 3 • 1 0 7 2 ? 0 J f t * - J  7 • 919 0 19 - * 10 *  J
0  4 7 199 20ft • 3 11 7 2 7 1 293 0 9 2122 2202 -3  • 4 1011 1 02 * - 0 11 9  •
0 2 7 ftftft 4 79 • 3 12 7 434 4 *3 0 • 1 29 * IJ  1* - 3  9 9 ft?4 9 *7 0 1 V 7
0 * 7 413 394 - 4 ft 7 1 I f t f t 17ftft 0 • 1 33 * IJ 9 J - 3  10 9 372 3 79 0 2 9  2
0 7 7 732 721 • 4 • 7 1 2 ft* 1 2 1 * 0 9 7 *9 772 - J  11 • 4 *0 4 *4 0 3 *  2
0 9 7 449 449 -4 7 7 733 7ft0 0 • IJ2V 13*1 - J  12 1 2 *2 24? u • *  12
0 11 7 70ft ftftft - 4 9 7 3 * 9 372 0 4 U fe * 1411 - 4  ft 9 1339 1393 0 9 *  O
0 10 7 42ft 432 - 4 ft 7 ft4 4 3 *4 0 4 9 *9 9 *9 • 4  * • 294 29 3 0 * V «
0 11 7 21ft 20 ft - 4 10 7 492 4 9 * 0 9 f t * * ftJW - 4  7 4 441 9 3 * 0 7 y *
1 2 7 142ft 1472 • 4 11 7 3 9 0 340 0 9 *0 J 411 - 4  • • 144 144 0 9
1 4 7 1907 1309 -4 12 7 2 13 2 1 9 0 4 374 J 9 3 —4 9 9 9 *2 9 4 * 0 10 *  u
1 4 7 1220 1211 - f t ft 7 J ft? 3 9 0 0 • 191 172 - 4  10 1 442 4 j  ft - 1 2 9  11
1 2 7 992 999 - f t 7 7 * 3 2 424 - 1 9 1 24* I J 19 - 4  11 4 392 J * * *1 3
\  b 7 1319 132ft - f t 4 7 >12 303 -1 9 34ft 34? - f t  4 4 944 *1 9 -1 4
1 7 7 411 417 - a 9 7 47 ft 493 -1 • 2291 2 3 2 * • f t  7 1 1111 1 0 1 * -1 9 *  1
1 4 7 700 702 - f t 1 ft 7 433 4 2 * 9 1041 109* - f t  9 9 *2 2 *1  1 -1 • *  1
1 0 7 231 334 - a 11 7 * 4 0 *9 1 9 32a 923 - f t  9 * 1130 1129 -1 7
1 11 7 172 1 1 1 - f t 12 7 1 *7 140 •  1 • 947 97ft • f t  10 ■ 312 J2 4 - 1 • 9  2
2  2 7 201 199 - * i 7 991 9 4 * -1 4 249 2 4 * - f t  11 9 301 241 -1 * 9  4
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1  1  fc i « r o IftVC ft ft L IOVO to r e ■ ft 5 i o r o lo r e 5 1 i W fO lo r e
t  I I  1 292 32  1 ft 9 l i f t * 2 - 2 5 10 439 43? - V  0 10 5 *3 9 74 - 3 * 11 3 4 / j o *
i  n  * J U a«9 - • 9 9 252 2 4 ft - J * 10 7 *5 1 *3 • f t  10 10 19ft 193 - J 7 11 /9 2 7 a *
• j  i  i t f t f t t 1 *3 2 - * 10 ft 159 1*2 - 2 7 10 251 2 *3 - f t  12 10 2 2 * 214 - 3 • 11 4?9 * • 2
2  «  » f t U 5 05 • * 11 9 529 547 - 2 9 10 2 *4 279 - 9  I I 10 223 2 02 - J ft 11 J J * JJ>
•a  5  • ftftft 475 - • 12 9 311 2 1 9 - 2 10 19 242 292 - 1 0  11 1ft 2 0 0 24 3 - 3 I I M 2 9 * 2*w
•a  *  * ftflft f t l f t - 7 ft 0 2 13 20ft - 2 11 10 22ft 240 ft 1 11 1ft57 1ft4 J * 4 5 11 ?9J 7 *o
>3 7 * 1003 1013 - 7 9 y 0 * 5 • • 1 - 3 4 10 241 259 0  2 11 IJ V ft 1454 -4 * 11 V J J 91a
g  I  • 2 *5 209 - 7 10 y I f t f t 102 - J 5 10 175 1 *0 0 3 11 1497 1934 —4 7 11 749 tow
•a  *  * IJ f t • 3 - I 11 y 179 100 - J * 1ft 514 5 0 * 0 4 11 394 J f t l - 4 0 11 2 1 J 201
>3 70 * 17ft 179 -o 10 y ftftft •■ 3 - 3 7 10 30« 209 0 9 11 1051 I0 « 2 —4 ft I I ft J# 4 Jft
J  % * 917 930 - f t 11 9 2 2 ft 2 1 * - 3 • 10 J ftJ 392 0 7 11 1 *0 ! •  3 - 4 10 11 a jf t 94ft
3 5  • «27 415 • 4 u 9 J 7 3 372 - 3 9 10 20 J 212 0 » 11 J J ft 33 2 - 4 11 11 •  21 ftftft
9 0 * I lf tO 1153 -9 11 9 2 * 1 2 7 * - 3 I f t 10 505 510 0 10 11 247 2 57 *4 12 11 170 Iftft
J  7  t ao> 311 - 1 0 11 9 291 3 ? * - 4 5 10 459 •411 - 1  2 11 7 *9 t o * - a • I I 4 4 * «?a
9 0 * 2 ftft 245 0 1 10 357 J2 ft - 4 • 10 53ft 529 - 1  3 11 1140 1 1 5 * - 9 7 11 714 70a
a y * 719 753 0 2 10 5 7 * 5ft 1 •  4 7 10 429 429 -1  4 11 *0 7 •  02 - 5 « 11 490 ■ a -
a io  * 299 310 0 3 10 * 7 0 * 4 4 - 4 • 10 213 2 1 * - 1  5 11 140ft 1««2 - 5 9 11 J J * 311
a i i  * 2 ft7 37ft ft ft 10 i * y I f t f t - 4 9 10 333 32? - 1  ft 11 *1 9 ■ 11 - 9 1U 11 2 JJ 2 J»
a ta  * 13ft 1«0 0 ft 10 • • • 452 - 4 11 10 145 174 - 1  7 11 239 2 3 9 -5 11 11 *  Ja ftIO
% a  t ftftft 597 0 5 I f t 2 ft? 234 - 4 12 1ft 251 250 - 1  ft 11 t o * 4 2 * - f t 12 11 1*7 I * *
■ *  y 555 £34 0 7 10 195 101 - 5 * 10 4 *3 4 *1 - 1  ft 11 444 4 * J -fc 7 11 9*1 5 *0
« 7  « ft 17 •  15 0 • to 15ft I f t f t - 9 7 10 JV5 39 J • 1  10 11 17ft U J - * ft 11 / / . 7 * 1
ft •  9 243 2ft? 0 10 10 201 202 —5 i 10 39? 3 ft* - 1  11 n 1*1 l« 0 -■ 9 I t a*<* a ; *
• •  y  y 157 1 *1 - 1 2 10 f t f t i 9 * 5 - 5 9 1ft 235 229 - 2  3 i i «?4 494 - * 10 11 44? 4 *5
•«  to  y 2 * 9 252 -1 2 10 0 1 * *0 4 - 5 I f t 10 17* 177 - 2  4 i i 234 2 2 * u 11 2 / * ftftft
•ft 11 9 ftftft 427 - 1 4 10 ftftft 991 - 5 11 10 232 2 J J - 2  ft t i 442 442 -7 ft 11 •  J * ■ 07
• •  i a  y 304 50? -1 ft 10 •0 7 4 05 - f t 7 10 279 2 *5 - 3  * i i 1071 1002 - 7 ft 11 270 f t * *
a  #  y 029 * 2 3 -1 • 10 2 9? 2 7 * - f t ft 10 201 175 - 2  7 11 »2ft 930 -J 10 11 *0 2 390
•ft 7 9 947 944 - 1 7 10 429 444 - * 10 10 419 •  19 - 2  ft i i 941 ftft? - 7 I I 11 200 ftO*
f t f t * 297 291 -1 ft 10 3 * 9 J ftft - f t 11 10 420 41J - 2  9 i i ft29 54? - 7 12 11 JJ? Jftft
ft y  y I I I •  * • -1 10 1ft 2 03 2 0 * - 7 ft 10 144 1*7 - 2  10 11 100 1 /4 - • ft I I aJ« ft# /
•ft 10 9 479 •2 4 - 1 11 10 2 ft * 909 - 7 9 10 444 437 - 2  11 t i J J ft J f t l • « I I 11 J * * J J *
ft i i  y 115 1ft? * 2 J 10 442 452 - 7 11 10 209 2 0 * - 3  4 i i 249 1002 - f t 10 n J lO ftft*
ft 7 9 209 203 • 2 • 10 • f t * 435 - 7 12 10 * 2 4 2 2 * - J  ft i i H i ftft 2 -ft 11 n * J * 2 ft*
Q I I  11 170 15? - 4 5 12 103 * 9 0 -  1 2 I I 913 534 - 5  ft 13 2 *7 J ftJ - 2 • 14 J f t l J ftJ
0 0  13 Iftf t f t 1790 * 4 * 12 221 215 - 1 3 13 * 9 * 717 • 5  ft 13 1*4 1 *2 - 2 7 u * •  ft *91
0 13 1279 1 2 *5 - f t ft 12 1 3 7 * 1 40 * - 1 4 13 Jft? 320 • f t  10 13 1 5 * 173 - 2 ft I * IJ f t 12a
o a ia 533 5 30 - f t 9 U 240 243 - 1 5 12 9 4 * 942 - f t  7 13 3 *0 J ft7 •2 ft u 2 *3 277
0 J  13 907 194 - f t 10 12 5 9 * 593 -1 • 13 4 J5 417 • f t  0 13 923 ftO £ - 2 10 w j  a i 31 j
0  ft 13 1021 I0 3 J - • 11 12 3 *4 • 0 0 - 1 7 13 123 10* - •  ft 13 4 24 « J1 - J ft u 1 9 / 177
0 ft 13 473 •Oft - 5 • 12 7 72 77* - 1 ft 13 5 *2 • 0 0 •  ft 10 13 517 9 21 -3 a 14 Ifta 191
0  ft 13 •  79 • f t f t - a 7 12 2 57 239 -1 9 13 J ftJ 410 • 7  ft 13 344 J ftJ - J * Ift « *a ■ftft
0  7 13 *1 5 0 20 - * ft 12 f t * ? 231 -1 10 13 101 192 - 7  9 13 2 *5 2 * 0 - J 7 14 la * 1 *v
0  ft 13 51 ft 5 02 —5 9 12 2 7 ft 37 ft - 2 3 13 3 * 0 340 - 7  10 13 220 2 10 -3 • Ift 1 3 / U J
0  9 13 51ft £30 * 5 10 12 131 113 - 2 4 13 271 *7 2 - 7  11 13 t *  1 193 - 3 0 14 2 *4 25«
1 3 13 1309 1347 - f t I I 12 • • f t • * 7 - 3 5 13 339 J J * - 0  9 13 4 J5 4 17 - J 10 14 3aa Jftft
1 J  13 1954 2040 / 12 1329 1392 - 2 * 13 *5 9 *4 7 - f t  11 13 2 7ft 24 1 *4 a 1ft 50 1 a la
1 ft 13 •  ft? •4 2 - • ft U 3 * 5 349 - 2 7 IJ 415 •  1? - 9  10 13 210 2 0? - 4 • Ift 19* la *
1 ft 13 770 7 70 to 12 3 * 5 350 - 2 • 13 2 *9 3 *9 - f t  11 13 17ft * 0 0 - 4 7 1ft J9« J4  *
1 ft 13 05ft 0 73 - * i i 12 4 03 399 - 2 9 12 394 421 0 1 14 452 449 -4 • 1ft l * a la *
1 7 13 1021 1052 - • 12 12 2 2 * 203 - 2 10 IJ 192 1»ft 0  2 14 J l f t 310 - 4 5 1ft l * t la o
1 ft 13 • 0 0 • l « - 7 ft 12 171 1 *1 - a 11 13 J ftft •  17 0 J 14 4 4 * 4 *0 - 5 • Ift Jad J ftJ
1 y  13 iy f t 190 -7 9 12 3 2 3 3 0 * - 3 4 12 * • ? 4 4 * 0 4 U 142 IJ f t •9 7 Ift 19ft lo o
1 10 13 n o 3 0 fl - 7 10 12 * 5 2 * 4 4 - 3 5 13 7 03 705 0 9 14 3 70 372 — 5 4 1ft ft j O * « *
2  3  13 92ft 950 - • V 12 l i f t 177 - 3 * I J 170 l i f t 0 ft 14 J J 9 JJ1 - f t ft 14 j f t * ja J
2  ft 13 051 0«« - f t to 12 3 *1 324 - 2 7 13 9 73 5 *7 0 7 14 171 170 -9 11 1ft u * •  ST
2  ft 13 f t U • 4 0 • • I I 12 4 * y 427 - 2 9 13 354 3 * y 0 9 14 195 1 ft* 7 14 ftft* ftftO
3 f t  13 207 2 09 - 9 10 12 M l * 7 2 * 3 9 U 3 * 4 243 - 1  2 14 JJ4 3J0 - * ft 1ft l i f t 7 *
2  7 12 1249 12?4 - § I I 12 211 Iftft - 3 11 IJ If tf t 179 - 1  J 14 279 493 - • 10 1ft 2UJ 2 J J
2 •  U 125 125 0 1 IJ « J tt 939 - 4 5 IJ 3 5 * 3 *2 — 1 4 14 7 y j Tft? - f t n w J o ! *» 0
•2 ft 12 •  ft? •  47 ft 2 13 ?T« 7 7 * - 4 * 13 524 510 • 1  5 14 2 *7 371 - 7 9 14 4 *0 * * r
•2 I I  13 * M 0 09 0 J I J y * « 1010 - 4 7 IJ *1 3 • 0 0 - 1  * 14 I J J 14 3 - 4 ft 1ft j f t f t 3 *9
3  ft 12 2 00 3 2040 0 ft 13 ft*« 20 ft - 4 ft IJ 14 1 143 - 1  7 14 197 If t f t 0 1 19 » * * 92 J
•J  f t  12 110 775 ft ft 12 •O ft •  14 - 4 9 13 325 3 J * - 1  ft 14 240 i l l 0 2 1j JaJ 2ftO
•a 7 12 2 7 0 30 1 0 • I J m i 171 - 4 10 IJ 394 •  • • - 1  V 14 If t f t 15ft 0 J la ia J I f t l
•J  f t  13 370 3 77 u ft l j 113 1Q4 - 4 11 U 3 09 J07 -A  J U 209 * 1 0 0 4 19 1091 I0 7 J
•a y 12 521 £5ft ft y 13 179 1 *4 - 5 ft I J 3?ft 377 - 2  4 14 3 1 * J1 3 0 9 19 * • 7 ■a j
•a to ia 3 *9 3 2 3 0 w U I f t * 14ft - 5 7 13 4 *9 4 *4 - 2  ft 14 J7 3 371 0 ft 19 Jftft 99 J
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a ■ a iaro m e A 1 3 ioro iorc ■ 1 5 1030 iorc ft 1 5 ioro iorc i 1 1 ioro lor*
T 19 222 220 .j II 19 131 192 • i 10 10 907 904 0 ft 17 219 i n -a 9 1? 29ft 104
a 19 aoa 090 •4 7 19 103 107 •3 4 10 010 *44 0 f 17 270 2 /2 9 9 14 ift? 243
2 19 fja *32 9 19 107 107 —J 5 10 279 271 2 17 97ft 973 0 1 1ft 493 444•i i 19 JO* 300 Ift 19 l7o 17ft • 2 0 to 927 527 • 1 3 17 510 930 0 3 Ift 242 34l•i • 19 aaft 000 •1 II 19 •fti 007 • 3 7 10 93ft 531 4 17 4M7 4ft7 0 9 Ift 193 159
a 19 iaf 191 • f a 19 121 100 •J a 10 930 920 9 17 Uft 100 0 ft Ift 2*9 iftft■ i 7 19 990 993 •7 a 19 709 701 - J 9 10 390 3*1 4 17 917 *Jt 0 7 14 1*3 1?w•i • 19 w a 107 - 7 10 19 loa 103 •3 10 10 190 202 »| 7 17 100 199 -1 2 Ift 344 370
» 19 939 333 • 7 ii 19 121 110 -4 s 1* 770 1*2 • 1 4 17 109 194 -1 3 1ft 29? 219-i 10 19 209 209 •4 10 19 227 200 0 10 249 242 • 4 4 17 150 too *1 4 It 117 10ft
*2 3 19 IJOft 1009 •7 10 19 12ft 101 • 0 7 1* 951 93ft 9 17 Ift? tvo -1 9 Ift I44 14ft«2 « 19 299 290 a 1 la 13*0 1320 •a a 10 409 491 * 1? 443 44Q -1 ft It 2?9 2*3
•2 A 19 099 009 a 2 10 777 705 -a 10 10 24ft 290 7 17 203 1ft4 -1 7 Ift iftft ftOt
•2 a 19 073 071 a 3 la aift 009 *5 a la 575 5?4 ft 17 3 J 1 33? -2 0 Ift 199 1*7
•2 i 19 aoa •32 0 0 10 319 311 -> 7 10 930 933 -2 9 17 291 2?1 -2 7 1ft 447 ftfti
*2 • 19 ia» 192 a 9 lo afo 019 • 5 a 10 00ft 002 4 17 419 4 11 *2 4 Ift 234 290.j a 19 997 017 a a la 7ftft aoi • 5 a 10 00 ft **0 5 17 21a 22 1 -2 ft 1* 191 1*0— j a 19 2J9 230 a 7 U 999 90V -5 10 10 172 143 * 17 Jft2 3ft* -j 4 Ift ftJ* 20*-j a 19 ft M 930 a a 10 201 201 »o 7 10 Iftft 174 -j 7 IT 403 30? -3 5 1ft 344 3ft?•2 7 19 iaa iao a ft lo 290 239 *0 0 I* 4*4 490 -3 ft 17 334 323 -3 • 1ft lj» 13ft-I a 19 103 loo d 10 790 7*3 •0 ft 10 410 399 9 17 073 Oft 1 -j 7 Ift 19* 1»f-j a 19 999 013 • i 3 10 io» 102 -a 10 I* 202 19ft 0 17 41? 414 •3 a 1ft l>1 191•j 10 19 329 327 - j 0 to 1*79 1302 •7 a 10 323 32? 7 17 JU2 2V 0 5 la 152 199
9 19 300 303 9 1« oOi *10 -7 • u 405 445 ft 17 159 195 -4 0 la 2 1ft fti 1«0 a 19 093 •00 •i o 10 2*9 299 • 7 10 10 111 a* ft 17 244 34? *4 7 Ift 3ft? 2l2
7 19 900 903 « i 7 10 all 510 9 10 *94 33ft •4 10 17 1ft* 149 4 It 2>d 2ft7
a 19 102 100 a lo 3*7 37ft -a 10 la 334 31ft 7 17 142 173 -9 10 10 1«3 1ft9
10 19 17a 179 3 10 994 900 1 17 234 211 -9 a 17 22? 212 -4 7 14 193 Ift*•4 ii 19 301 300 0 10 ftfti 1030 2 17 •a* 072 • 17 17ft 1*4 • 10 223 2i3
•  5 a 19 000 072 9 10 •Oft 927 9 17 43* 443 -4 7 17 3ft I 39 0 •ft * 1ft til >•7
• 2 7 19 733 729 0 10 901 510 4 I? 132 13) -a a 1? 214 «13 -? a 1ft 24? 210
■ 2 a 19 207 23ft •  4 7 lo 3oo 350 5 17 277 370 y 1? 147 131 -ft * Ift 190 U 3
a 19 930 Off 0 10 312 321 0 17 140 151 -7 a 1? 270 20? 0 1 19 •« > •  ?4
-5 ia 19 J H 302 -2 9 10 * * • 20ft 7 17 34M 349 - ? 10 17 339 345 0 2 Ift 434 * 1ft
9 10 721 701 -a 0 1ft lo? 100 .j 7 20 42* 435 . 9 * 21 2ft 1 2ift -3 9 23 334 31*
a If 200 202 7 1ft 319 30ft -3 a 20 44 J 439 -a • 21 30? 297 -3 ft 23 324 231
9 to 930 937 • 1ft iao 277 -0 9 20 225 222 -* • 21 329 30* -3 7 23 33? 391
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SrNi(CN)4 • 5H20
The needle-like, golden-yellow crystals of SrNi(CN)^ • 5H20 were 
also provided by Dr. Musselman. A well-formed, optically  clear specimen 
was chosen for examination under the polarizing microscope. Reasonably 
convinced that a single crystal had been selected, a sample of 
appropriate dimensions was cleaved and prepared for data collection.
The results of the SEARCH routine and subsequent indexing procedure 
generated the following set of la t t ic e  constants:
a = 7.246(5) A
b = 9.237(4) A
c = 9.238(4) A
a = 111.85(4)°
0 = 94.77(5)°
Y  = 94.93(5)°
These la t t ic e  constants were transformed to the following monoclinic, 
C-centered ce ll:
a = 10.351(6) A
b = 15.305(6) A
c = 7.246(5) A
B = 98.681(6)°
a = y= 90°
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Diffractometric inspection of reflections related by the two-fold 
rotation axis of the monoclinic system (hkl *  h k l) showed them to be 
equivalent, thus verifying the choice of the monoclinic c e l l .  The 
la t t ic e  constants of higher precision lis ted  in Table 4.3 result from a 
redetermination of la t t ic e  constants based on a least squares f i t  of 25 
carefully centered high angle reflections. Data collection was carried 
out based on this unit c e l l .
As with the cesium structrue, data were collected using
Mo-Ka radiation in two "shells", in the range 0°<e<30°. Following
reduction of raw intensities to structure amplitudes, 1459 of the 1586
reflections measured were determined to be unique. Data were collected
-1for absorption effects (p -  62.2 cm ) as psi scan (See Figure 3.2) data 
showed the re lative  intensity of a reflection (chosen with a x angle 
setting near 90°) to vary from 0.9999 to 0.5556 as a function of 
rotation about the angle psi. Observed and calculated structure factors 
for SrNi(CN)^ • 5 ^ 0  are Used in Table 4.4.
The following classes of reflections were observed to be 
systematically absent:
hkl (h+k = 2n+l) 
hOl (h = 2n+l)
OkO (k = 2n+l)
This gives rise to a threefold ambiguity concerning the choice of space 
group. These systematic absences are consistent with the space groups: 
C2, Cm, and C2/m. Of these three C2/m was in i t i a l l y  chosen as the 



























Table 4.3  Crystal Data fo r SrNi(CN)4 *5H20
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Table 4.4 Observed and Calculated Structure Factors for 
SrNi(CN)4 • 5H20
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- 4 3 7 4 - 6 4 - 1 13 3 2 62 269 - 7 17 3 139 -1 4 0 • 4 161 767 7 3 4 637 >30
- * J 00 -9 4 1 IJ 3 3 30 331 - 3 17 3 122 -1 1 6 10 • •7 0 4 7J 9 3 4 J ftft 270
- 2 3 122 -1 3 0 3 U 3 2 37 263 - 1 17 3 139 - H 3 •2 4 436 4 44 I t J ft Jft 1 J ftJ
• 2 124 -1 2 2 6 13 3 2 0 6 100 1 17 J 116 •1 27 - I I 4 122 122 13 3 ft 211 Itfa
2 J 92 -7 6 7 U 3 204 201 7 17 3 101 -4 4 - 6 4 239 4 34 4 4 62 -6 9
1 3 144 - I I I 9 IJ 3 124 I j O - 2 10 3 124 - I I I - 3 4 237 221 4 •  1 IJ 102
- 1 1 J 274 201 - 1 0 14 3 146 163 0 10 3 144 •1 2 0 - 1 4 369 -3 3  9 - • ft 4 244 - * 4 1
- 1 3 336 220 - 4 14 3 160 162 2 10 J 141 -1 1 7 1 • 6 *1 6 90 - 4 4 4 72 »
* 7 J 329 3 16 —4 l« 3 2 16 227 4 10 3 120 -1 1 4 3 4 109 • * • 4 ft 117 -7 f t
- 4 J 449 6«3 - 2 14 3 l« 0 177 - 7 19 3 264 276 7 4 147 164 - 2 ft 4 J ftJ -  J«2
- 2 2 671 666 0 14 3 100 169 - 6 19 3 310 30ft - 1 4 4 190 203 2 4 4 171 -1 3 2
* 1 J 640 661 2 14 3 l« 4 132 - 3 19 3 333 326 -1 2 4 220 2 26 4 4 4 lb  J -  la v
1 3 634 624 4 14 3 176 179 -1 19 3 347 343 •  to 6 66a 666 4 4 •  la * -  l i f t
2 3 4 96 409 -1 1 16 3 172 —104 1 19 3 3 74 377 - 6 4 160 171 10 ft 4 l i f t -1 3 1
5 2 637 627 - 9 16 3 2 U -2 2 4 3 19 3 J 17 30k - 6 4 •9 4 •  91 -1 3 6 4 ft*  7 2»ft
7 3 307 306 - 7 16 3 2 63 - 2 b  9 6 19 3 261 247 * 4 • 7 79 7b» -1 1 6 ft *6 9 *4 4
* 3 234 241 - 4 16 3 3 61 -3 « 9 - 6 20 3 201 *1 9 7 - 2 4 * 1 6 * l « - f t 6 4 & ja a i f t
t l 3 239 232 * 3 U 3 3 7 * -3 6 9 - 4 20 j 211 -2 0 0 0 4 746 762 -7 6 •  6«o » *
•A 4 1069 1026 - 6 0 4 1114 1133 1 11 « 1036 1036 - 1 0 4 471 461 • 0 6 36 ft J f t l
•  1 4 1029 1006 - 6 0 4 1332 1330 3 11 4 6 29 4 20 - 0 4 6 19 610 0 0 5 307 J07
- 1 4 494 •0 4 - 3 0 4 0 09 903 6 I I 4 472 •  74 - 6 4 6 46 6 61 10 0 6 267 * • 0
1 4 1390 1401 0 6 4 1246 1267 7 I I 4 644 631 - 4 • 667 •  73 12 6 U 7 16*
2 « 474 663 2 0 4 126a 12b4 9 11 4 3 06 311 - 2 4 734 7«6 *1 3 6 131 - l i f t
2 4 620 622 4 0 4 026 021 11 11 1 2 66 2 64 0 1 701 7 *7 -1 1 6 2 J2 - * J t
7 • 424 406 4 0 4 730 722 - f t 12 4 l i b -1 7 7 2 6 4 616 620 - 9 5 212 •2 0 2
» • 322 3 11 0 6 4 404 442 - • 12 « 2 «6 -3 3 7 4 6 • 677 664 -7 6 J« ft - 3 * 1
11 4 293 202 10 0 4 346 3 69 - 2 12 6 196 -1 9 6 6 4 496 »0« - 6 6 437 -4 2 7
-1 4 4 220 222 12 6 4 3 2 9 3 36 0 12 • 166 • 1 4 3 0 4 3 43 J * 0 - J 6 4 ft* —4 i4
- 1 2 4 294 297 - I t 9 4 113 113 2 12 4 206 -2 0 1 - 6 4 164 14ft - 1 6 492 - f t f t f t
- t o 4 470 476 - 7 9 4 179 140 4 12 4 146 -1 3 6 1 1 211 191 1 6 4 1 9 - f t j a
- i 4 444 437 • 3 9 4 172 166 -1 1 13 4 2 2 9 240 - 6 4 114 122 3 6 43ft - f t J *
- 4 4 701 766 - 1 9 4 164 147 - t 13 • 202 271 - 4 4 to o 97 6 6 339 -J J f t
- 4 4 662 524 1 9 4 166 166 - 7 13 4 3 43 331 - 7 4 364 360 7 6 2 J2 -2 2 f t•2 4 976 932 6 9 4 103 164 - 6 13 4 342 334 * 6 4 3 0 0 3 6 7 9 > 166 •1 7 a
• 4 697 916 7 9 4 100 102 - 3 13 4 390 302 - 3 4 4 30 • 2 2 11 6 16ft - t a l
2 4 434 421 -1 2 10 4 100 101 - 1 U 4 362 360 - 1 4 447 4«6 - 6 2 .6 02 - 7 *
4 4 604 6 04 -1 0 10 4 3 4 0 3 36 1 13 4 4 20 416 1 4 •2 0 423 - I J 3 6 la « 1>a
4 4 469 •  70 - 0 10 4 240 239 3 13 • 246 262 3 4 360 J J t — 1 1 3 6 27ft * • 0
• 4 333 330 14 4 4 4 3 473 6 U 4 322 329 6 4 3 43 360 - 9 J 6 2ft J 2 *2
10 4 to o 103 - 4 U 4 4 34 427 7 13 4 267 479 - 4 4 134 -1 2 9 -7 3 6 JO * 300
12 4 234 232 • 2 10 4 447 464 9 13 4 130 144 -1 4 196 114 - 5 3 a a *a 6 *6
- J 4 97 -02 0 10 4 664 6 40 -1 0 14 4 3 66 372 1 4 224 227 -J 3 6 436 «ft7
- 6 4 92 • 1 4 2 10 4 3 42 342 - 0 14 4 220 224 •1 4 ft 127 IJO •  1 J a 66ft
•  3 4 102 - 0 0 • 10 4 3 6 9 3 46 —4 16 4 462 460 -1 2 6 301 •  S I 1 3 6 J6 7 J7y
• 1 4 3 30 -3 2 6 6 10 4 204 2 06 - 4 14 4 667 643 - t o ft 376 3 6 6 3 J 6 ftftft ** 1>*
1 4 72 43 0 10 4 330 2 26 - 2 14 4 304 291 - 0 ft 269 366 6 3 6 336 i f t f t1 4 2 69 -2 6 2 -1 1 I I 4 4 6 0 4 40 0 14 4 497 409 • 4 6 •  12 •0 4 7 3 6 12* 11b
4 4 97 •6 4 -9 11 4 604 •  96 2 14 4 617 609 - 4 ft 660 6 4 9 9 3 6 167 la d
i 4 104 - 9 7 -7 11 4 6 0a 6 09 • l« 4 a o i 277 “ 2 ft 469 4 6 2 11 3 6 l iO 1 la
- 1 2 4 400 404 - 6 11 4 «90 072 6 14 4 276 200 0 6 401 64 1 - 1 f t 4 6 149 - 1 * 7
4 066 0«6 -2 I I 4 4 13 9 00 0 ! • 6 296 266 2 6 464 637 -1 2 4 6 24J -2 7 2
- 0 4 463 436 - 1 11 4 6 4 | 637 - 1 16 4 92 - 7 2 4 ft 634 • 3 f t -1 0 « 6 360 •J a e
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« < L 10ID 19/C 0 i  a IOfO 10/C 0 ■ L 10 /0 10/C 0 k  a  lo r o io r c M i l l I OK
4 » « • -4 0 4 1 a 443 -4 4 0 3 11 a 291 247 a 5 193 -2 0 5 - J l f t , 297
—* « 1 4«4 -3 3 2 J a 392 -3 0 0 a 11 a 2 *0 252 7 a 17* -1 7 0 1 1 • * •7
« * 4 5 422 -4 0 3 a a 330 •3 2 4 7 11 a 201 2*1 —4 a 2J i 234 a i  * 134
m2 •  a 402 -3 4 3 7 a 272 -2 7 1 0 11 a 130 147 - 0 a / a * 299 7 1 * 7»
0 4 $ 0J0 -1 2 7 9 a 143 -1 7 4 -1 0 12 a 229 -221 • 4 a 3*0 342 -1 0  3 ft 270
2 4 5 490 -479 u a 129 - t « J - 0 12 a 341 -342 a 3*1 354 -0  2 4 13ft
* •  a 473 -4 4 1 •  12 a 177 100 —4 13 a 34 1 -3 3 3 0 a i i * 310 - *  2 * 257
* •  a 300 -2 3 9 - IQ a 271 272 -4 12 a 371 •344 2 a 32* 331 —ft 2 • 190
• 4 a 2JJ -234 •4 a 420 423 - 2 12 a 415 -4 1 4 ft a jo * 30* J ie
I t «  a 200 -2 0 2 -0 a 423 410 0 12 a 415 -4 1 0 ft a 224 22 1 2 2 * 229
12 4 a 120 -1 1 4 - 4 a 499 403 2 12 5 34ft -337 5 102 •1 0 5 ft 2 ft 239
- U a a 173 141 -2 a 372 aaa 4 12 a 201 -2 9 0 -> 5 273 250 •  3 ft 134
•1 1 a a m 149 0 a 537 aaa * 12 a 341 -2 *1 - j 5 200 2 *0 0 2 0 100
_9 a a J24 322 2 a 337 33* • 12 a 199 -109 •  1 a 270 2ft» -1 3  J  * J09
a a 304 304 4 a JSO 344 - 9 1] a ta a IftO 1 5 339 231 -1 1  3 ft ftftft
a a 327 314 0 a 300 303 - 7 13 a 100 150 3 a 240 234 •9  3 4 937
- j a a 404 344 4 a 314 310 -a 13 a 194 202 •2 a 179 -1 4 1 - 7  3 * 4ftV
•  1 a a 300 377 10 a 14ft 152 - 3 13 5 215 220 0 a 17m -1 7 4 - 5 3 f t •  97
1 a a 409 417 -9 a 173 -1 7 5 - 1 13 a 179 191 -1 2 4 *31 * 2 * 43ft
J a a 241 234 -7 a 2>2 -244 1 13 a 143 171 -1 0 4  714 71ft 497
5 a a 221 220 -a a 17ft •1 7 * 3 13 a 177 l i f t • f t 4 530 5*4 1 J ft 0ftft
7 a a 237 240 - 3 a 240 -275 a 13 a 149 134 - ft *  102ft 1030 2 J * ft 17
9 a a 130 130 -1 a 309 -3 9 4 - 0 14 a 13* 132 -4 *  1000 937 5 3 * •JO
a  a 110 113 1 a 202 •241 - 4 1ft a 95 122 -2 *  0ft 7 021 7 J 4 423
>2 a a 07 93 3 a 21ft •2 1 2 • 2 14 a 147 152 0 *  1002 1072 0 3 4 245
2 *  a 123 121 a a 149 -1 7 9 0 1ft a 154 15* 2 *  945 97 S 11 3 ft 1*3
4 4 a 144 139 7 a 210 -2 0 ft 2 14 a 152 15ft 4 *  577 5*4 -12  ft ft -10ft
- I J i  a 133 -1 3 9 0 a U 0 -1 1 7 0 14 5 107 100 0 *  573 5*1 -0  4 ft -274
-1 1 ? a 212 -214 - 9 a 322 323 - 7 15 a 249 -240 i *  51ft 514 - f t f t f t — 1 5ft
—9 7  a 243 -230 -7 a 329 335 - a 15 a 229 -2 2 ft to *  2*1 223 -4  ft * -299
• 1 7 a 344 •3 3 4 -a a 340 340 - 3 15 a 291 •290 -1 3 0 1J « 127 -ftftft
7 a 423 -4 0 5 - 3 a 410 404 -1 15 a 311 -3 0 0 -9 4 239 *2 5 0 4 * 1 -2 d 9
• j 7 a 4J7 -427 -1 a 402 ftOft 1 ia a 204 -2 ft« •7 0 102 00 2 ft ft -1 4 3
- 1 7 a 440 •  439 1 a 434 427 3 15 5 254 -2 4 4 - a 0 20* 201 f t f t f t •2  U
4 4 * U T -1 4 2 2 * 4 I ft 414 - 4 12 0 102 -102 •0 7 303 304 0 4 7 -4  10
- I J a  a 310 317 4 4 a«0 5*1 - 2 12 4 294 -295 -4 7 392 345 2 ft 7 - J U
-1 1 a  a 330 333 4 4 423 419 0 12 • 100 -1 0 5 - 2 7 447 *2 3 ft ft 7 • J 3 3
a a 307 571 0 4 342 340 2 12 4 134 -1«2 0 7 370 3 *7 ft ft 7 - i f t f t
a 4 333 924 10 4 211 207 • 12 * 315 -224 2 7 337 231 0 ft 7 -173
-  j a a 430 440 -11 4 13ft 140 - 0 13 4 201 270 4 7 JftO i f t * - I I  5 7 I f t t
• j a  0 431 144 - 9 • 104 171 - 7 13 4 201 2«7 0 7 202 273 • 0  5 7 15*
•  1 a 4 422 422 -7 0 04 #2 - a 13 * 401 3*9 « 7 103 143 - 7  5 7 199
1 a 0 499 497 -a 4 200 20* - 3 13 4 317 31ft •1 3 7 11* - l i f t -5  5 7 2>*
J a a a 20 S21 -3 0 139 142 *1 13 0 200 250 -11 7 150 -1 4 0 - 3  5 ? 229
a a 4 494 303 i 0 330 339 1 13 4 400 407 -9 7 19ft -1 9 4 - 1  5 7 23ft
7 a 0 331 341 7 • 132 133 3 13 4 241 224 -? 7 250 • i f t * 1 5 7 229
t a 4 232 2JJ • U * 109 105 a 13 4 204 213 • a 7 240 - 2 3 * 3 5 7 2«ft
-1 2 4 4 174 144 -10 0 2 U 201 7 13 ft 230 221 —3 7 200 -202 5 5 7 U 1
-1 0 4 4 334 J3S - 0 0 253 250 - 0 14 ft 195 193 - i 7 272 - i f t f t 0 9 ? IJ *
4 4 134 114 - ♦ 0 221 223 - 4 1ft * 223 219 i 7 252 -2 4 7 -1 1  7 7 ft -  Ift9
• 4 0 0 442 044 -2 4 147 1*1 - 4 14 4 200 25ft 3 7 175 - I f t f t -9  7 7 -1 4 2
4 4 390 J79 0 4 210 213 - 2 14 4 303 293 5 7 17ft - I f t J -7  7 7 —29*
•  2 4 0 213 214 2 • 223 227 0 14 4 210 203 7 7 150 -1 3 ? - 5  7 7 -2 *9
0 4 4 424 ft10 4 4 99 97 2 1ft * 214 225 —9 7 2 *2 253 -3  7 7
2 4 4 402 404 4 0 110 115 4 14 • 210 204 7 220 204 -1  7 7 - f t f t l
4 4 4 130 142 -1 1 4 320 337 4 14 4 134 15* -5 7 273 2 f tl 1 7 7 — *ft9
0 0 0 223 213 -9 * 004 494 - • 14 4 307 300 -3 7 J l f t 210 3 7 7 -204
0 4 4 234 237 -7 • 470 477 - 4 10 • 440 45ft - I 7 332 323 5 7 7 -  le e
7 4 120 95 - 4 • aaa 553 -4 10 • 4*1 479 1 7 274 245 7 7 7 -1  J*
7 4 111 - to a - J 4 47a *94 - 2 14 4 400 409 J 7 215 209 -1 0  0 1 1*7
1 7 4 140 1J4 -1 4 947 540 0 14 4 *74 471 a 7 227 227 -0  0 7 . e l
•1 2 0 4 333 324 1 • 0ft0 570 2 14 4 *45 444 7 9 U 2 175 - 4  0 7 i i -
-1 0 0 4 319 321 3 4 490 *7 * * 10 * 300 302 -1 2 7 150 -1 5 0 - ft  0 7 JJ9
0 4 322 319 a 4 429 430 - J 17 4 149 137 -1 0 7 2*0 •2 « 2 ■2 0 7 3 *0
0 4 424 429 7 • 319 314 1 17 4 109 91 7 277 -3 7 1 0 0 7 2fte
•  4 •7 4 007 0 • 2 ia 220 -1 2 9 7 102 17* - f t 7 351 -3 3 0 3 0 7 3 .7
_2 4 4 7»» 791 - 0 4 239 -223 -1 0 0 7 204 249 • 4 7 3b« -3 7 5 ft 0  7 i f t j0 0 4 407 *01 4 IftO -133 - 0 O 7 345 357 -2 7 J i f t -3 7 7 * 0 7 1ft9
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■ ft ft I f t f O 1 0 1 C 9 ft ft IO fO lO ftC 9 1  4  IO fO t o r e ■ ft * 1 0 1 0 t o r e m  C 3  1 0 7 0 101..
• ft 7 t a a 1 * 9 - 9 19 7 1 9 9 1 9 9 7 3  0  1 4 * 1 *7 . 2 10 0 I f t f t 1 7 1 - 1  J 9  t a * 1 a *
• ft ft T I N - 9  J —9 19 7 2 2 0 2 2 0 - 2 4  ft  111 - 4 3 2 10 0 w a 1 7 * 1 3 ft 124 I j j
7 ft ? 1 44 - 1 7 2 • J 19 7 2 2 2 2 2 9 0 4  9  12 ft - 1 2 4 4 10 ft 102 f t * 3  3 f t  >44 U s
a ft 7 1 *9 - 1 7 J 19 7 2 1 * 2 1 9 4 4  9  129 - 1 2 1 - 7 I t 0 2 4 * 2 4 * - I I  4 ft I f t J - l a *
f t 7 IftO - 1 * 7 19 7 1 9 0 1 92 - I t *  0  2 1 4 2 0 3 - a I I ft J » f t 3 * 4
• 1 ft 7 1 *1 - I S O - 1 0 0 ft 4 9 7 f t f t f t - f t >  ft  2 f tJ 2 4 4 11 ft 2 0 4 2 7 2 • 4  4 ft 4 0  4 - M 7
1 ft 7 t i t - 1 9 f t 0 9 * 1 1 > 1 2 • 7 *  0  2 3 7 2 3 1 • i 11 ft i > 2 2 0 4 - 3  * 7  1 * 4 - 1 * 3
J ft 7 l i f t - 1 9 9 - 9 0 9 9 * 7 * 9 2 - a »  ft  4 0 f t 3 4 3 i 11 ft J 4 P 3 4 4 0  4 ft 2 0 7 - 2 0 0
t I t 7 i f t f t 1 7 9 0 « 9 9 9 * 7 * - j a  •  j i o J O * 3 11 ft 2 0 7 2 0 7 2  4 9  1 *7 -  Id a
7 I I 7 2 2 2 2 1 ft - J 0 9 7 9 4 9 * 7 - i *  f t  2 1 7 2 4 4 * 11 ft 1 01 1 91 4  4 9 W * - 1 J »
& 11 7 2 9 1 2 7 3 0 ft f t f t f t f t !  1 i a  «  3 7 * 3 4 4 - a I i ft 192 1 42 4 4 9  ( O i - 1 0 *
J I t 7 2 7 1 2 7 1 0 ft 9 0 2 9 0 2 j *  f t  2 1 1 2 0 0 - j 13 a 1 77 1 * 1 * 7  a V 132 10a
11 7 a a i 2 * 1 9 9 f t j f t 9 2 * * a  «  2 i > 2 0 0 * 1 13 0 127 t i t - *  a 9  1 * 3 1 24
11 7 2 9 1 2 * 0 0 ft 2 2 9 3 1 2 7 a  a  i t * 141 1 I J « 1 4 * 1 4 7 ft 114 I j O
J I t 7 2 7 2 2 f t * 0 ft 2 7 7 2 7 1 - 1 0 *  f t  2 4 f t 2 * 0 - 4 1 4 i i 1 f t * M S - t  * 9  1 3 7 W *
5 t l 7 179 171 1 ft l i f t f t l - a 4  ft  2 9 f t 2 1 4 - J 14 4 1 7 7 1 4 ft t  a ft 4 4 94
• 12 7 171 - 1 9 2 - I Q 2 9 J J I 2 2 J - 4 4  0  2 3 1 2 2 9 0 14 • 17 7 t i t j  * ft 9 4 ft7
•9 12 7 J f t 2 - 2 9 * • * 2 ft l i f t 1 *1 - 4 4 ft  3 0 7 3 0 4 2 14 ft 17 3 1 0 4 *  a ft 1 2 * i f t
4 12 7 2 7 1 • 2 * 9 2 ft 2 * 2 2 * 9 • J *  f t  3 0 0 2 7 4 0 9 1 9 9 2 0 7 • 7  7 V 1 *7 - 1 * 2
2 12 7 2 « a - 2 * 1 2 ft 2 1 1 2 0 f t 0 *  f t  141 t a * - 9 0 0 19 4 2 0 4 - *  7 ft 171 - 1 * 7
0 12 7 2 7 9 - 2 7 9 • j 2 ft 2 0 * I f t f t 2 *  ft 2 7 4 2 4 3 ft 2 4 0 2 3 0 ft l i t -  l a *
2 12 7 2 0 • 2 J 4 2 ft 1 7 * I f t f t 4 9  ft 1 7 * 171 - 2 0 9 9 2 f t 2 3 1 ft M v • 1 4 0
4 12 7 2 1 ft - 2 1 1 9 9 2 2 ft 2 J « • 1 7 f t  1 10 • 1 1 * 0 0 ft 2 1 1 2 0 1 1 7 ft 1 *1 — 14 J
f U 7 127 1 09 2 ft 9 9 9 2 - t o ft  f t  J f t l 3 4 9 2 0 7 2 4 4 2  J ft 3  7 9  1 27 - 1 1 7
a I J 7 1 9 9 1 21 2 9 M 2 1 J I f t  4 J 7 1 3 7 3 •  ft 1 ft 114 • 1 0 2 • f t  4 ft 142 171
a I J 7 l i f t 1 J 1 - 1 1 J ft I f tO t f t t - 9 0  0  * 1 4 4 * 7 - 7 1 « 1 * 2 - 1 5 1 - 4  9 9  1«4 M O
I J 7 I f t * 1 * 0 - f t J ft J # J J * 4 - f t ft  9  4 4 3 4 7 4 • * 1 0 1 3 4 - 1 * 4 - 4  4 ft 1 4 4 I f t f t
i I J 7 1 1 9 1 9 0 - 7 J f t 2 1 9 2 0 1 •  4  9 * 2 4 * 4 - J I 7 1 * 0 - M 7 - 2  4 7  2 2 0 2 1 7
a 14 7 1 9 9 1 * —5 J 9 J f t * J * 9 0 ft  0  4 * 4 4 * 4 •  1 1 9 144 - 1 4 4 0  ft ft M i M J
7 i a 7 1 99 - 1 7 2 • j J ft 9 2 0 4 1 4 2 ft  f t  4  J * 4 4 9 1 1 ft 1 7 ft - 1 7 0 2 4 ft  1 * 7 1 * J
a b 7 17ft - 1 9 2 •  1 J ft 2 4 f t 2  J ft ft ft  f t  2 4 4 2 7 7 a 1 9 1 2 9 - 4 4 4 « ft W * l« a
j t a 7 I I S - 1 1 1 J 9 J J  t 3 3 0 4 ft  ft 2 f t * 2 * 3 • 7 3 7 1 *4 1 * 2 - 1  * ft 104 - 1 0 J
i ia 7 I f t f t - 1 9 * J ft 2 f t  7 2 9 2 10 ft 143 1 * 4 - * 3 ft I f t f t U S - 3  11 ft 142 1 * *
i ia 7 1 7 * - 1 * 9 j 9 2 J J 2 2 9 10 ft  174 194 "J 3 7 l * f t 1 * 0 • 1  11 ft 1 * J ta*
t i t ft 1 2 ft 111 ft 10 2 0 0 3 0 1 J  10 2 4 * 2 4 2 * to 2 4  1 2 3 * - 4  4 10 11.7 M *
2 12 ft 1 9 ft - M 2 0 10 2 4 2 2 4 4 3  10 2 1 4 2 1 1 •  J a 10 2 2 9 * 2 9 - 4  a 10 2 4 7 2 * 1










- 7 J 10 I f t f t 177 1 3  10 144 1 *4 1 ft 10 IftO 1 4 4 0 4 10 U * 1 4 *
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ultim ately chosen w ill follow in the next section.
Solution and Refinement of the Structures 
Cs2Ni(CN)4 • H20
As the compound contains the large atoms Cs and N i, the heavy atom 
technique (Patterson Method) was used for solution of the structure.
The 1482 unique structure amplitudes measured were used to calculate a 
Patterson interatomic vector map. Based on the molecular weight, unit 
cell volume, and estimate of the compound's density i t  was determined 
that Z (the number of molecules in the unit c e ll)  was equal to 6. Since 
the working space group was P6j ,  th is  meant that there was one complete 
formula unit in the asymmetric u n it. Analysis of the Patterson map 
revealed the positions of the two independent Cs atoms. These positions 
proved to be correct as phasing of the model was su ffic ien tly  good to  
determine the location of the Ni atom, and the remainder of the lig h t 
atom positions, including hydrogens, by subsequent difference Fourier 
synthesi s.
The structure was refined using weighted fu ll-m a trix  least squares 
methods. All non-hydrogen atoms were refined anisotrop ically . An 
isotropic model of thermal behavior was used for a ll hydrogen atoms.
The structure was refined un til the largest s h if t /e .s .d . was less than
0 .1 . At th is  stage of refinement the largest peak of residual electron 
density measured less than 0.25 e " / 3 in a difference Fourier map. This 
peak was located 1.23 ft from a Cs atom and was attributed to the atom's 
anisotropic thermal motion. This refined model gave a fin a l agreement
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factor of R = 0.0257.
The entire  process of structure solution and refinement was
successfully carried out in space group P6^. The task of identify ing
which of the two possible space groups (Pe^ or P65 ) was correct, s t i l l
remained. Since P6j and P65 are enantiomorphic, the results of
structure factor calculations w ill be the same in both space groups.
For observed structure amplitudes, this relationship is known as
F riede l's  Law,^5 which states that the intensisty of a re flection  hid 
w ill be equal in magntiude to the in tensity of a re flection  hkl. This
results from the fact that to a f i r s t  approximation reciprocal space is
centrosymmetric. Since these two space groups are enantiomorphic, the
structure factors calculated in P6  ̂ (hkl) are indistinguishable from
those calculated in P6g (h k l). The result is no difference in the final
R factors calculated based on refinement in the two d iffe ren t space
groups. Violations of Friedel's  law occur in those cases where the
effects of anomalous dispersion® are large enough to be observed. In
such cases, |F0bsI ) 7* l^obsl (^ 1  )• In tlie equation used for
calculating structures factors®9
the atomic scattering factor f j  is  a mathematical expression describing 
the a b il ity  of an atom to scatter x-rays. As the scattering atoms 
contain electrons (the true source of the atom's scattering a b i l i t y ) ,  i t  
describes the atom's scattering power as a function of the number and 
spatial d istribution  of the electrons in the atom. The assumption 1s 
made that a ll of the electrons involved are free electrons scattering in
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phase. I f  the sophistication of the model 1s Increased such that the 
electrons are in some way bound in the atom, then the scattering power 
of the electrons as well as the phase of the scattered wave may d if fe r  
(anomalous dispersion). The expression for the atomic scattering factor 
then becomes
f  j  = f 0 + Af'  + i Af"
where Af'  and Af" are the real and imaginary parts of the atom's 
scattering factor expression. The structure factor expression may be 
rewritten as:
Fhki -  ? <f 0 + 4 f ' + U f j>  e2"1“J
J
I f  the effects of anomalous dispersion are taken into account, i t  is no 
longer necessary that (F^kll = l^hkll* e'*t ^er observed or calculated. 
(For th is  means that the effects of anomalous dispersion are large 
enough to be s ig n ific a n t). Under these circumstances, i t  should then be 
possible to distinguish between the space groups P6  ̂ and P6g. The 
result of structure factor calculations should be d iffe ren t in the two 
space groups and one can be determined to be correct.
This was the approach taken to discover the true space group for 
th is  structure. The anomalous dispersion correction for the Cs and Ni 
atoms should provide su ffic ien t differences in and F ^ j- for the 
correct space group id e n tific a tio n . Structure factor calculations were 
carried out in both space groups for comparison of the agreement factors
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(R). No differences 1n the R-values were observed. Identical sets of 
calculated structure factor were observed for P6j  and P65. Even though 
the values for the anomolous corrections for Cs and Ni were surely large 
enough to be observed, they are not manifested in this structure. Three 
possible reasons for th is result are:
a) The crystal is a centrosymmetric arrangement of unit cel Is.The 
crystal is essentially a twin composed of enantiomorphic unit 
cells  thus cancelling the effects of anomolous dispersion.
b) In some way (as yet undiscovered) the structure generates a 
centrosymmetric arrangment of atoms in the unit c e ll ,  thereby 
negating anomalous e ffec ts .
c) The dispositions of the atoms are such that they coincidentally  
mask the effects of anomalous dispersion.
In any case, the space group of Cs2Ni(CN)4 • H20 can not be uniquely 
id en tified  and can only be lis ted  as P6j or P65.
SrNi(CN)4 • 5H20
The structure of the compound S r N i ( C N • 5H20 has been previously 
determined by Lambot.^ A Patterson map was calculated based on the 
1871 unique reflections collected. The positions of the Sr and Ni atoms 
were determined using both the calculated Patterson map and the 
positions inferred from the Lambot report. The following positions were 
deduced for the three heavy atoms of the asymmetric un it:
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X Y Z
Sr 0.0 0.4 0.0
N il 0.0 0.0 0.0
Ni 2 0.0 0.0 0.5
All three heavy atoms are located on special positions. These positions 
proved correct as the remainder of the atoms of the structure were 
determined from difference Fourier maps.
The structure was refined using weighted fu ll-m a trix  least squares 
techniques in space group C2/m. All non-hydrogen atoms were allowed to  
refine anisotrop ically . Hydrogen atom positions were refined using an 
isotropic thermal model. Refinement was continued un til the largest 
s h if t /e .s .d . for any parameter was less than 0.01. The largest peak in 
the fin a l difference Fourier map measured 0.42e"/A . The location of 
th is  peak was 0.71 A from a Sr atom and was thus ascribed to anisotropy 
of that heavy atom.
The Sr atom lies  on a two-fold axis while both of the Ni atoms are 
located on centers of symmetry ( i ,  2/m). These special positions 
require that some of the thermal parameters for that particu lar atom be 
set and fixed at 0 .0 . The water molecule defined by 03 is located on a 
mirror plane at y=0. This gave rise to high correlation coefficients  
during the least square process, and demanded that this water molecule 
be treated with rig id  body constraints.
As already stated, structure solution and in i t ia l  refinement was 
carried out in space group C2/m. The observed systematic absences for 
th is  structure (hkl; h+k=2n+l) are also consistent with space groups C2,
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and Cm. I t  was necessary to determine which of these is the correct 
space group.
Refinement in space group Cm was halted at an R-value of 0.0575 due 
to high correlation coeffic ients indicating the presence of a two-fold  
rotation axis. Refinement in space group C2 was successfully carried  
out to an R-value of 0.0204. At th is point high correlation  
coeffic ients were noted for atoms whose positions were related by a 
mirror plane normal to the d irecti on (b a x is ). Attempts to disrupt 
what was believed to be extreme pseudo-symmetry by moving the atoms 
s lig h tly  away from th e ir  m irror-related coordinates resulted in th e ir  
refin ing back to th e ir  original positions. I t  was apparent that the 
mirror in the d irec ti on was re a l. Refinement in C2 involved 158 
parameters.
Space group C2/m was ultim ately determined to be correct since 
refinement lead to a fin a l R-value of 0.0201 with 98 parameters. 
Attainment of a lower R-value with fewer refined parameters demonstrates 
that the model is best described in space group C2/m.
Discussion
The most interesting structural parameter in th crystal structures 
of the tetracyanometallates is the distance of separation between the 
metal atoms of the N ifC N )^ - planes, i t  is prim arily th is  distance that 
governs the spectroscopic features discussed above. For the 
Cs2Ni(CN)4 • 1^0 structure the Ni-Ni distance is 3.557(2) A, and for the 
SrNi(CN)4 • 5H2 structure i t  is 3.626 A. These values for the metal- 
metal separation are within the range reported for analogous structures 
as tabulated by Williams (8^  and references th ere in ).
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As the process of c rys ta lliza tio n  proceeds, the planar Ni (CN)^2- 
groups become oriented in a linear fashion. The precise nature of the 
columnar arrangement of the anionic planes varies from s p ira l, to z ig ­
zag, to exactly lin e a r. This one-dimensional orientation of the 
Ni (CN)^2" planes defines a minimum energy situation for the components 
of the c rys ta l. The energetics coincidentally provide the basis fo r  
some in teresting spectroscopy as overlap of the dz2 orb itals  of the 
neighboring Ni2+ ions is fa c ilita te d . Apparently, m etal-orbital overlap 
helps to minimize the system's energy. The anionic spiral of 
C s g N i ( C N • H2O is shown in Figure 4 .3 .
The chains of anionic planes grossly approximate long, rod-like  
structures. As such, the columns of anions pack in the same manner as a 
bundle of rods do when allowed to se ttle  fre e ly . That is , the stacks of
p
Ni(CN)4t_ ions arranged in an hexagonal array around a central column 
(rod). Comparison of the diagram below with Figure 4.4 demonstrates





_ T -p ^ O
2 -
Figure 4.4 Hexagonal Arrangement of Ni(CN)^ Anions in 
Cs2Ni{CN)4*H20 and SrNi( CN) 4-BHgO
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the geometric s im ila r itie s  of the packing. I t  is in teresting to note 
that only the CsgNi(CN)^ • HgO structure, along with its  palladium 
analog, actually does c rys ta llize  in a hexangonal space group while a ll 
the other structures exhibit the pseudohexagonal arrangement. In the 
two structures described here, the stacking of the planes is a spiral in 
the cesium structure, while in the strontium structure the Ni(CN)^^-  
planes form a linear array.
The Ni (CN)^" planes are not r ig id ly  planar in e ither of these two
O
structures based on th e ir  x values; 31.8 for the Cs structure, 6.8 and 
8.0 for the Sr structure.
While the microscopic architecture of these crystals is that of 
columns of planar anions with water molecules and cations positioned 
between the columns, the detailed structure of the disposition of the 
anions with respect to one another presents some interesting  
variations. In an attempt to describe quantita tively  the spatial 
relationships that exist between the planar anionic groups, the 
following geometrical parameters, represented in Figure 4 .5 , have been 
defined by Watkins. 90
A) E l, E2 E6: these parameters describe the vertical
alignment of the six columns hexagonally packed about a central 
column.
B) D l, D2, . . . ;  A l, A2, . . . :  the dimensions of the hexagonal
prism generated by the central column and its  six nearest 
neighbors.
C) M-M: metal-metal distance
D) y ': torsion angle formed by the CN-N1-Ni-CN group
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Page Is missing in number only.
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Figure 4.5 Geometric Parameters of Tetracyanometallate 
Structures
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E) N-N1: angle formed by the normals to the planes of
contiguous anions.
F) N*MM: angle formed by the normal of an anionic plane and 
the direction of the column of N1 atoms (usually the 
[ 001] direction)
Results of the determination of the above parameters for the cesium and 
strontium structures are lis ted  in Table 4 .5 . Included in the table are 
the geometric parameters for the CsKNi(CN)^ s tru c tu re .^  The N1-Ni 
distance in the CsK structure is 0.67A longer than that found in either 
the Cs or Sr structures, while containing no water molecules of 
c ry s ta lliza tio n . This seems somewhat odd that the metal-metal distance 
should increase while not having to accommodate the extra volume of 
water molecules in the crysta l. However, there is a subsequent loss of 
the benefits of hydrogen bonding with the anionic planes provided by the 
water molecules. The increase in the metal-metal distance in the CsK 
structure is most dramatically realized in the absence of the solid  
state spectroscopy that is observed for the other two compounds. This 
anomaly of the CsK structure helps to call attention to the fact that 
the dependence of the metal-metal separation on cation(s) size and 
hydration state of the crystal is not as of yet well understood.
The molecules of water f u l l f i l l  two roles in the structures of the 
tetracyanometallates. One function that they perform is that of 
coordinating to the cations in the crysta l. The coordination polyhderan 
of the cations often contain water molecules.
Another structural task that molecules of water f u l f i l l  is that of 
linking together the anionic planes by means of hydrogen bond
Cs2Ni(CN)4-H20 SrNi.CCNl4 . H20 CsKNi(CN)
O 0 O
D1 9.56 A 9.20 A 7.87 A
O O o
°2 9.56 A 10.23 A 7.26 A
0 © o
°3 9.56 A 9.20 A 7.87 A
A1 60° 68° 55°
A2 60° 56° 62°
A3 60° 56® 63°
0 O o
E1 0 A 0.78 A 0.77 A
0 © O
E2 0 A 1.57 A 1.52 A
O O 0
E3 0 A 0.78 A 0.75 A
O O
Ni— Ni 3.56 A 3.63 A 4.30 A
y ' 18° 0° 36°
N-N' 13° 2° 10°
N-MH 13° 17° 36°
N'-MM' 13° 15° 36°
Table 4.5 Geometric Parameters for Anionic Arrays in
Cs2Ni(CN)4-H20; SrNi(CN)4*5H20; and 
CsKNi(CN) 4
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formation. Water molecules are positioned between the columns of anions 
and provide structural support for the linear arrays of Ni {C N )^“ ions 
as they pack into the c rys ta l. The observed contact distances between 
the oxygen atoms of the water molecules and the nitrogen atoms of the 
cyanide groups are well within the range of values observed for sim ilar
Qp
hydrogen bonding systems. In some cases, the H atom positions are 
poorly defined. Thus some N— H-0 parameters appear irre g u la r, but may 
not actually be so.
In the cesium structure two symmetry related water molecules are 
coordinated to the cesium cation. Anionic planes of neighboring columns 
are held togetner by hydrogen bonds formed between the water molecules 
and adjacent cyanide groups. This hydrogen bonding scheme is shown in 
Figure 4 .6 . In the strontium structure the water molecules again 
perform the two functions of coordinating to the cation and providing a 
hydrogen bonding bridge between adjacent Ni{CN)^^" groups. The hydrogen 
bonding in the strontium structure is considerably more complex since 
there are 2 1/2 independent water molecules {as opposed to 1 in the Cs 
structu re). Figure 4.7 shows the placement of water molecules among the 
NI(CN)42" planes in the unit cell of SrNi(CN)4 • 5H20. This hydrogen
bonding network is very sim ilar to that found in K2Pt(CN)^ * HgO,^ 
which has three independent water molecules.
The coordination polyhedron of the cesium ions in Cs2N i { C N • H20 
is that of an irregu lar square anti prism, very sim ilar to that found for 
the Cs ion in the structure of CsKNi(CN4) . The squares faces of the 
antiprism are very nearly planar as demonstrated in Table 4.6 of the 
atoms of coordination and th e ir  distances from the least squares plane 
that they define. Table 4.7 lis ts  the atoms of coordination and the
Figure 4.6 Hydrogen Bondi
Figure 4. 7 Stereoview of Hydrogen Bonding in SrNi(CN)4-5H20
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distance of the next nearest neighbor.
The cesium ion is not positioned symmetrically between the two 
square faces of the antiprism as 1s clearly  shown in Figure 4 .8 . The 
Cs+ ion is 2.12 A away from the upper plane of atoms and 0.55 A 
from the lower. The square faces of the antiprism are not para lle l but 
form a dihderal angle of 13.9°.
p .
The coordination number of Sr*1 ion in the structure of 
SrNi(CN)4 • 5H2O is seven; a mono-capped trigonal prism. The prism is
defined by two sets of the three independent water molecules. The
seventh coordination s ite  is occupied by a nitrogen atom of a cyanide 
group located along a two-fold symmetry axis of the crystal normal to 
one of the square faces of the prism. The observed contact distances
agree well with the sum of the Van der Waals radii for the Sr^+, N, and
0 atoms (io ns). The coordinaton polyhedron of the Sr2+ ion is shown in 
Figure 4 .9 . Table 4.8 contains a l is t  of nearest and next nearest 
nei ghbors.
p .
This description of the Sr^ coordination geometry d iffers  
s ig n ifican tly  from that o rig in a lly  described by Lambot. In the original
p .
report the Sr ion was determined to have a coordination number of 9, 
with each of the the square faces of the trigonal prism capped by a 
nitrogen atom from a cyanide group. The other two nitrogens required 
for the Lambot model are unquestionably too far away, with Sr "contact" 
distances of 2.98 A (Sr^+ radius * 1.13 A ).
Analysis of the values of bond lengths and angles for these two 
structures, Table 4.9 and 4.10, shows that related bonds are
p
s ta tis t ic a lly  indistinguishable. The Ni(CN)4 group is obviously 










Table 4.6 Least Squares Plane Calculation fo r Atoms of Cs+ 
Coordination in CsgNi( CN) HgO
CS COORDINATION 
CONTACT ANGSTROMS
CSl 01 3 . 1 2 1
CSl 02 3 . 2 9 2
CSl NI 3 . 3 4 4
CSl N2 3 . 3 4 4
CSl N3 3 . 3 4 5
CSl N4 3 . 3 4 b
CSl N5 3 . 3 4 7cst_ N6 ______ 3 . 3 5 b
csl”~” ~N7 - - - - -





Figure 4.8 Coordination Polyhedron of Cs+ Ion i n  
Cs2Ni(CN)4-H20
oocn
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SR 01 2 . 5 B 1
SR 01 2 . SSI
SR 02 2 . 6 2 1
SR 02 2 . 6 2 1
SR 03 2 . 6 5 1
SR 03 2 . 6 5 1
S R _____N i l _____ _ _____2 , 6 8 3
Sr nIS 5 I5 s I
SR N12 2 . 9 8 1
2+




S B K S I S S S S S S S S i
ANGSTROMS
1 . 8 6 5 ( 9 )
1 . 8 7 ( 1 )
1 . 8 5 6 ( 7 )
1 . 8 6 0 ( 7 )
l * 1 3 ( 2 ihist r 
0 . 8 1 ( 1 )  






















1 76 . 01  
9 0 . 5 i  
8 9 . 61  
8 7 . 7  
9 2 . 2 l , 
1 7 8 . 9 ( 5  
1 7 8 . 9 (  
1 7 8 , 1 (  
1 7 8 .  (1 
1 7 7 . C 1  
9 9 .  1
Table 4.9 Bond Distances and Angles for CSgNi(CN)4‘ H20
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bONL) A N G S I K U M S
Mil:
C 111 
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H ( 3 A )
H ( 3fa )
1 . 8 6 0 ( 4 )  
1 ,  8 b 7 14)  
1 , 1 4 9 ( 5 )  
1 . 1 5 0 ( b )  
1 . 8 4 4  5)  









a n gl e : DEGREES
C c 11
Nl  (1 
■ NI  Cl,  
C (21  
N l  - ■ 
Nl  
H ( 1 A 
H (EA
h ( 3 a :
SI:
NI (1 9 0 . 0  
1 8 0 . 0 ( 1 )  
1 7 7 . 7 ( 4 )
9 0 . 0  
1 8 0 . 0 ( b )  
1 7 7 . 8 ( 5 )
9 0 . ( 5 )  
1 1 4 , ( 4 )  
1 1 3 . ( 3 )
Table 4.10 Bond Distances and Angles for SrNi(CN) BĤ O
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structure. Without regard to c rys ta llin e  environment or counter ion, 
the Ni(CN)^^" is a well defined group and could be treated, when 
necessary, as a rig id  body.
While providing the crystallographer with many interesting  
structural anomalies, the class of compounds tetracyanonickellates 
demand further Investigation by virtue or th e ir  interesting solid state 
chemistries. Their role in the fie ld  of material science as a possible
Q4
conducting medium3  ̂ requires that the study of th e ir  solid state 
chemistries be continued with additional attention devoted to the 
systematics of th e ir  crystal structures. To th is  end there w ill 
undoubted be sign ificant progress made, in the understanding of the 
nature of twinning and the methods for its  data manipulation. Continued 
analysis of these interesting compounds w ill surely prove invaluable to 
the f ie ld  of structural chemistry.
ATOMIC POSITIONAL PARAMETERS X 1 0 * * 4  




X 1 0 * * 4 )
X 1 0 * * 3 )
1 3 3 7 ? ( }  
1 0 3 4 6 ( 1  
9 8 5 9 ( 8  
1 0 9 1 0 ( 9  
1 2 4 8 0 ( 9  
8 1 9 5 ( 9  
9 5 6 0 ( 8  
11294 ( I I  
13815  
6 863  
3 205  
13028  






27 3 ( B )  
* 3 0 0 5 ( 9 )  
6 5 ( 8 )  
* 2 8 5 9 ( 9 )  
1 3 0 7 ( 9 )  
■ 39 5 3 ( 1 1 )  
9 5 3 ( 8 )  
•3737 ( 1 1 )  
* 3 8 1 8 ( 8 )  
■ 47 3 7 ( 8 )  
■2888 CB j
0
2 5 3 9 ( 1 )
2 9 4 4 ( 1 )
2 9 3 2 ( 4 )
2 9 6 2 ( 5 )
2 7 1 9 ( 5 )
3 1 4 3 ( 4 )
2 9 1 7 ( 5 )
2 9 7 0 ( 6 )
2 5 9 9 ( 5 )
3 2 8 7 ( 5 )
1 2 8 5 ( 5 )
1 3 1 3 ( 5 )
1 2 5 6 ( 5 )
3 6 ( 1
2 9 ( 1
5 9 ( 3 ]  
1 4 7 ( 1 2 1 )  
4 6 0 ( 1 2 3 )




















3 8 ( 1 )
2 9 ( 1
U33
4 3 ( 1 )
4 0 ( 1 )
3 4 ( 1 )
2 2 ( 3 )
3 6 ( 4 )
5 1 ( 5
4 0 ( 4
3 4 ( 3
6 0 i 5
6 7 ( 6
5 5 ( 5
8 2 ( 4
U23 U13
1(1  
- 2 ( 1  
1(1  
3 ( 2  
5 ( 3  
2 ( 3  
5 ( 3  
9 ( 3  
1 5 ( 4  
4 ( 4  
- 6 ( 3  




i 2 ( r
12(2
i i  i3
1 4 ( 2
1 3 ( 2
25 ?3
3 3 ( 4
1 6 ( 3
1 3 ( 3
2 5 ( 3
Table 4.11 Atomic Positions and Thermal Parameters for C$2Ni(CN^ • Ĥ O
•TONIClaoTfio
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Table 4.12 Atomic Positions and Thermal Parameters for SrNi{CN)4 -5H20
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The structure of Na2Ni(CN)4 * 3 ^ 0  is presented here as a
structure of p artia l resolution. For reasons that are not yet
understood, refinement of th is  structure has fa ile d  to proceed
below 19%, with location of a ll of the non-hydrogen atoms of the
anticipated structure. The largest remaining peaks in the
-  0 3difference Fourier map measure approximately 4e / A , but are in 
chemically unreasonable locations. The present structure, while 
providing a re la tiv e ly  good image of the expected molecule, is 
not crystal 1ographically satisfactory or acceptable.
While the crystals were suspected of being twinned as 
examination under the polarizing microscope c learly  showed 
d iffe re n t, d is tin c t optical domains, a sample (se lective ly  
cleaved and assumed to be single) provided no extraordinary 
indexing problems. Twinning is therefore not an obvious cause 
fo r th is  problem structure.
The observed data displayed pseudo-body centering, as 
h+k+1 = 2n+l data were systematically weak. As expected the 
Patterson map showed large peaks at 0 ,0 ,0  and 1 /2 ,1 /2 ,1 /2 . Since 
the apparent space group and unit ce ll volume data indicated that 
there were two independent Ni atoms, th is  gives rise to a 
possible problem of origin d e fin itio n . There are four possible 
re la tiv e  locations for the 2 Ni atoms in a t r ic l in ic  c e ll ,  based 
on pseudo-body centering. These are shown in Figure A .I.
Various attempts refine data according to parity  groups (h+k+1 = 
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Figure A .l Four Possible Ni Atom Relationships fo r  
Na2Ni(CN)4 ’ 3H20 in Pi
photographic work may give some insight as to the problem's 
cause. Table A .l contains the crystal data for Na2Ni(CN)4 * 3H20 
Table A. 2 contains the observed and calculated structure factors 
while Table A.3 lis ts  the atomic coordinates and isotropic  
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Table A .l Crystal Data fo r Na2Ni(CN)4 *H20
205
■ 9 A 1990 I99C • ■ L 1030 tore ■ k
9 9 99 190 10 3 9 97 -1479 9 7919 1313 -* 1 9 91 1*29 9 1119 111* -5 3 9 1*2 -1479 9 12 HI -I 1 9 111 1999 9 Ml 931 -3 3 9 173 21* a*9 9 »« 11* 4 3 9 4* 75 -*9 9 t91 HO 1 1 9 K* -221 *11 9 99 -11 2 1 9 121 -391 9 M If 1 1 9 24* 290 -31 9 2 W-30* « I 9 21* 145 •3• 91 -1*1 1 3 9 Ml -319 i* 19 99 14 * 3 9 Ut -751 9 19 143 •4 * 9 12* 1431 9 91 -15* -1 • 9 TO -1)1 9 93 -93 -* 4 9 197 220> 9 IK -312 -5 * 9 14* -1*7* 153 -30 -* 4 9 111 104t 9 119 -99 -J 4 9 Ml 1122 9 19* •341 -2 4 9 129 *4)
2 9 1H -1*9 -1 4 9 44 -14*
2 • 193 •132 4 « 9 Ml 917 •7
2 9 9U -Ml 3 4 9 M* 19* -49 1)9 -1)1 • « 9 191 15* -5
2 9 159 -9*9 * * 9 455 190 •*
2 • 113 -119 1 4 9 141 41 •1
2 9 1473-17)1 4 « 9 24* 335 •2
2 9 119 HI 10 « 9 159 21* *1
2 9 1151*1955 -7 5 9 13* 174
2 9 m 211 -* A 9 *9 24
2 9 111 -9Q* •1 3 0 V* 102
2 9 91 -11 •* 5 9 HI 12
2 9 193 -445 -3 1 9 21* 24* —*
2 9 199 DO -2 A 9 Ml 203 -5
2 0 330 -3*1 0 & 9 71 4* -*
1 11T 111 -* -4 1 19 *2 •31 115 9*1 -1 -4 1 159 75 •3•7 1 113 31 -« -4 1 142 •9 •31 125 132 •1 -4 1 190 229 •j1 191 3)1 -1 -4 1 Mt too •2-7 1 91 9* -1 -4 414 153 *2-7 1 91 1*9 9 -* 49 149 -10 • 1-9 1 11* -93 1*• •95 7*5 •A •I1 199 -197 2 -4 J*2 -111 •A*9 1 199 •293 1 •* 1 Ml 113 •A • 1-9 1 l i t -31* 1-4 Ml 347 •j•9 i ?ai •*39 9 -* 125 -9* •2-9 1 195 -111 1 -4 A9 123 *11 IK -134 -19 -3 Ul 193 •1•9 1 919 -1*5 •4 -J 1 211 349 •11 195 19 -1 -1 211 -1*1 • I1 111 -1«* -* -3 297 170 •11 99 -15 -4 -1 1 Ml *71 • I1 ID •129 -1 -1 1 Ml -3121 111 -112 -1 -1 1 *14 •25 -1-A 1 IK Ml -1 -1 1 Ul -3 •11 999 -294 9 -1 11421 13*1 • 1•I 1 99 •11 1-J 1 141 115 19 •11 131 •112 2•1 1 95* *4* -*-A 1 191 2*2 1-1 1 111 -195 •11 199 •Ml * -3 1 Ml 111 -41 IK •221 1 -1 1 111 1*4 —1
•% 1 199 -911 * -J 1 314 1*3 •11 191 1*3 T-1 1 ■1•11*1 991 •*19 • -1 1 •• 1M-9 1 199 •#* 9 •1 1 17 141 999 -29* -1 -2 1 *4 11*-A 1 91 199 -1 -2 1 •2 -21t IK •Ml -1 -2 1 111 -4*7
1000 10FC 4 K i 1970 tore B B * it ro itrc
19) -11* -3 * 9 92 •113 -3- 11 1 72 15
315 14* 9 11 -40 -2-11 1 225 1)3
112 •44 •1 4 9 11* 24 ft-11 1 *9 5*
15) 99 * 4 • 152 139 2- 11 1 1*9 99
1*2 -197 2 • * 95 -*1 -1-10 1 111 -119
210 -22) 4 A 4 125 215 -3-10 1 221 -142
149 -10 * 9 9 U * 141 -1- 10 1 2)5 -14«
129 •32* • 9 9 15* 191 1-10 1 15* -152
71 -It -* 9 4 7* -47 3-10 1 277 -2)9
192 -117 -5 9 0 121 191 5- 10 1 129 -13*
391 -1*3 -I 9 9 221 225 •* -9 1 229 - 149
M l - M 3 -1 9 • 107 255 -« -9 1 257 -192
211 179 1 t 9 271 355 -2 -t 397 -340
1*9 -49* 1 9 4 132 2)5 -1 -9 1 10* -7*
14* -91 1 9 0 174 143 * -9 1 291 -229
152 -29* * 9 9 121 17* 2 -9 1 393 -3*7
195 199 7 9 0 1*0 122 3 -9 1 73 -97
252 •2*2 9 214 -229 4 -9 1 149 -129
49 *0 -2 10 0 171 -1*9 * -t 1 149 -1)3
19* -213 0 *1 -43 -7 -9 1 152 172
120 -19* 0 10 0 273 -247 -5 •4 1 232 140
99 27 10 Q 45 *9 -3 -* 1 291 2*7
242 -37* 2 10 9 123 -101 • 1 •9 1 199 1)7
9* -It 4 10 0 195 -14* 1 -9 1 2)3 2*0
24* •252 9 12* -1)4 2 -B 1 140 29
159 -12* 0 195 -1*9 3 -9 1 I) 123
142 - H 5 11 4 29* -195 5 -4 1 I K 99
111 •4) 3 11 9 1*1 -1)9 -a -1 1 123 9217 3* 5 11 0 172 -1*2 -7 -7 1 *3 -30
199 • i 9 12 0 177 122 -* *7 1 14) 210
110 42 3 12 0 72 92 •* -7 1 *4 -53
11* 15 ) 1 122 135 -3 -7 1 11* 35
9* -24 -1-12 1 99 94 -2 -7 1 13* 3)4
15* 151 1-12 1 14* 129 -1 -7 1 ** 40
17* -109 * 0 1 72 •1*4 2 1 1930 •952
299 150 •10 1 1 9* 111 1 3 1*0 -141
423 -479 -1 1 1 215 3*1 4 1 1 All -43*
194 157 •* 1 1 *13 749 * 1 1 499 -4*2
125 -127 •1 1 1 71 •12* 4 1 30* -257
1*3 -151 -4 1 1 927 951 10 5 172 -1*3
147 - M 7 •3 1 1 75 *1 -4 4 143 -*
111 •409 -2 1 1 10*2 2323 -3 4 223 -277• 9 2*2 0 1 1 *75 •*• -1 4 1 •3 93
495 -4*5 2 1 1 1257 14)5 0 4 5* •*0
110 71 J 1 1 95 159 1 4 294 -252
1193-124* 4 1 1 39 -20 3 4 1 271 -271
292 2 * 1 1 372 414 5 4 • 7 -107
797 -#T* 7 1 1 19* -9 7 * 111 -17*
34* It • 1 1 191 297 -1 5 1 1*0 140
1)**-12«9 10 1 1 11* 1*4 -7 A 1 109 -49
199 51 -* 2 1 190 21* -* 5 1 305 342
424 -341 -4 2 1 15) 71 -4 5 1 440 *79
114 71 — 1 2 1 •7 117 -2 5 12* 574
M l •*17 -2 2 1 731 *19 4 A 50* 519
131 -144 1 34* 42) 1 1 1 •0 -49
71 -2 9 2 1 12 -94 2 A 1 *41 *5)
W * -200 1 2 1 119 21* 4 1 154 523
13* 1* 3 2 1 37* -275 9 1 1 192 41
1) -50 1 2 1 342 2)9 * 5 4*7 434
117 212 1 2 1 *0 194 7 A 112 -*9
94 -212 * 2 1 14* -*) 4 5 120 279
142 -79 -9 1 1 •5 -47 -7 * 92 94
•4 -119 -4 3 1 M * -131 -4 * 42 -14
179 -1*4 —4 3 1 214 -374 -A * 1*0 193
193 1* - 2  3 13*5" 1320 —4 * 205 74
111 *1 -1 2 1 2*3 09 *1 * 1 2«i 240
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ft ft 44 4 0 0 4 4 00 -120 - f t 0  4 111 - 2 3 0  - 9 ft 2 4 ? - 2 4 7 - 4 5 100 - 3 6 1
ft ft 221 - 2 4 0 4 4 4 9 9 4 4 1 - 4 a  t 2 9 3 2 6 0 1 - 9 ft 164 1 3 3 -6 ft 2 0 6 - 2 1 3
- a ft 12 ft -1 0 0 .  1 4 4 0 4 - 3 1 -2 f t  4 121 127 2 - 9 ft 1 3? - 1 7 3 - 4 1 61 -10
• a ft 4 1 1 - 4 1 1 4 4 1 9 4 1 1 7 7 4 • f t  4 3 3 1 3 0 1 ft  - 9 ft 4 4 -1 - 4 9 222 - 2 3 2
- f t ft 1ft - 3 1 4 4 f ? •101 2 ft  4 1 30 1 3 5 4  - 9 ft 02 • 9 1 - • f t ft 2 9 9 - 2 1 3
- a ft f t? « - 9 7 1 4 4 0 4 7 9 1 7 4 0 4 3 0 « 2 0 b ft 1 03 2 1 6 - • f t 5 2 7 7 - 3 1 2
- 3 ft l i f t - 3 f t 4 4 • 4 3 9 1 4 4 ft  * 20  2 221 - 6  -0 ft 12 4 2 - - f t 5 6 4 * • 5 7 6
-2 ft I 1 f t ? - 1 0 4 2 I 4 1 0 7 00 0 f t  4 1 74 112 - f t  - • ft 4 2 2 3 4 4 - f t ft 3 9 0 -  J 6d
- 1 ft 21 ft 22 4 4 3 0 4 3 2 5 - 2 9  4 9 1 -1 0 ft 1 14 • 2 5 • f t ft 1 13 12b
ft ft 1 9 5 •111 4 4 2 9 4 2 7 2 4 •  4 1 34 - 9 2 ft 6 6 1 6 9 9 - f t 1 7 1 4 • 6 7 0
1 ft 2 7 f t • 4 9 10 4 ft 1 29 1 9 0 7 f  4 7 1 20 ft •1 - 4 b - f t ft 2 3 1 - 2 6 1
2 ft • 9 ? - • 7 4 1 4 t o o • 9 6 - 4 0  4 1 09 - 2 1 3 ft 3 9 2 3 2 9 - f t 9 2 7 0 - 3 3 1
ft ft l i f t • 2 7 f t •3 ft 4 7 ? - 1 4 1 -2 0  4 2 4 ? - 2 3 9 1 - 0 f t 3 0 4 3 2 4 - f t 5 7 0 - i s a
ft ft I f t f t - I f t f t _  | ft 4 t 0 3 - 1 7 3 0 0  4 201 - 2 7 0 3  - 0 ft 122 1 4 0 - - 4 ft 110 l i b
ft ft 1 4 9 • 3 0 ft 4 2 1 4 -2 1 1 2 0  4 3 7 6 - 3 2 6 4  - 0 ft 1 3 ft - 3 1 - • 4 1 9 1 42
ft ft l i f t - 12? ft 4 4 0 41 4 0  4 3 1 3 •  211 f t  - 0 ft 1 4 0 1 6 0 • - 4 ft 2 3 1 2 09
ft ft 22 ft - 2 4 1 1 4 I 1J * 9 1 4 0  4 22? -220 7  - f t ft 00 9 0 -1 - 4 ft 3 7 6 3 5 0
ft ft ft? 4 ? 9 4 1 1 3 - 1 3 7 • 3 1 4 1 ft6 - 1 2 3 - 4  - 7 ft t o o 1 6 9 • • a ft 2 2 3 - 1 4 3
10 ft 7 ft - 9 9 ft 4 •  4 - 7 1 1 4 110 - 1 2 6 ft 1 4 1 112 - - 4 ft 9 9 2 9 9 1
- f t ft 1 4 9 l i f t -0 4 4 141 • 1 4 1 1 1 0 1 3 6 - 9 0 9 2 1 6 2 0 ? • - 4 5 1 4 * 130
-1 ft 4 4 7 4 4 9 f t 9 4 •2 2 1 ft •01 •  04 2  3 f t 2 6 ? - 2 3 1 . 7 ft 110 - 7 5 6
1 5 4 ? B 9 1 1 -  2 ft 121 - 1 9 9 1 ft 1 46 0? 3  3 ft 210 2 5 1 - 7 ft t o ? 0 b
2 i 2 1 7 210 -2 ft 4 4 2 ft 0 1 1 1 4 1 0 1 3 1 7 0  3 f t 3 9 1 - 4 0 0 7 ft 9 4 9 - 4 9 0
ft ft IB S J f t f t • f t ft 111 -100 1 1 ft 1 17 3 2 6 3 ft 3 6 3 • 3 1 3 7 ft 106 - 7 b
4 ft 4 3 - 1* ft 3 4 0 - 3 7 6 2 1 b 011 9 0 1 7  3 ft 10 9 1 9 2 7 ft 7 3 7 - 6 7 1
ft ft 2 4 f t 2 4 1 - f t ft 1 44 100 3 1 5 2?0 • a 0  3 ft 17 2 - 1 9 1 7 ft 4 0 -1 1ft ft •  1 20 . j f t 4 3 3 210 4 1 ft S 06 9 6 7 10 3 ft 14 3 - 1 0 7 7 ft 4 1 0 • 3 7 0
7 ft 1 7 ft 3 4 4 _2 ft 2 3 1 • 2 7 6 1 1 ft 1 1 9 1 5 0 - 4  4 5 13 4 1 1 4 7 ft 3 0 ? - 3 0 5
ft ft 10ft 111 •  1 f t 4 2 0 - 1 9 0 4 1 ft 3 4 3 3 4 0 - 4  4 ft 2 4 1 1 4 9 7 ft 100 - 1 3 1
- f t ft 103 I f t f t •  1 f t 3 0 3 14 b 7 1 ft 102 - 9 3 • 3  4 ft 14 1 - 1 0 4 - 0 ft 7 4 • 2 ft
- f t ft 1 3 4 3 7 ft f t 4 0 3 3 2 0 0 1 ft 7 4 ? 100 -2  6 ft 101 2 4 f t - 0 ft 103 - 7 3
-1 f t 13B 1 3 4 •  j f t 3 0 7 - 3 2 f t 10 1 ft 9 9 1 17 - 1  4 ft 4 1 9 9 • ft 7 2 - 9 1
-2 f t 4 2 2 4 4 1 ft 3 9 9 - 1 0 3 - a 2 9 1 7 4 - I f t l 0 4 ft 1 62 - 1 3 6 0 ft 7 f t -66
2 ft 1 2 7 0 4 3 ft 211 - 2 3 1 —a 2 ft 9 9 -202 4 f t 3 3 ? • 3 4 0 0 9 7 0 - 6 b
ft f t 139 12 ft ft 2 4 4 - l i f t - j 2 ft 100 - 1 1 3 3  4 ft 111 9 1 • 9 ft 13 9 12?
ft ft 1 4 4 1 4 3 ft 1 4 4 - 1 9 2 -2 2 9 2 9 4 - 10B 4  4 ft 2 1 9 - 1 7 3 - 9 ft 3 0 2 2 6 9
ft f t 9 0 - 1 9 10 f t 1 1 4 - 1 4 9 - j 2  ft 9 9 1 30 4  0 f t 9 9 15 1 ft 221 179
ft 9 2 94 3 0 3 0 ft 1 4 7 2 1 5 i 2 ft 3 2 2 - 2 9 1 - 0  ft f t 121 200 9 ft 1 3 ? 4 3 4
ft ft 9 9 1 0 4 .2 ft f t 1 19 112 2 2 9 1 4 6 21 ft - 4  ft ft 2 4 ? 3 3 0 9 9 2 9 2 2 4 6
ft 9 111 1 2 5 •  1 0 ft 9 7 1 9 1 0 3 2  ft 2 2 3 - 2 7 6 - 1  ft ft 4 61 4 9 0 4 ft 3 3 a 3 1 0
- f t ft 7 f t - 9 4 • ft 7 2 4 4 9 1 9 2 ft 1 7 0 - 2 M ft 7 1 6 7 9 0 - 10 9 10? - 3 ?
- a ft 7 9 - 1 4 3 0 ft 2 3 2 - 3 9 1 4 2 ft 7 0 - t o 0 ft ft 0 2 9 3 3 3 •• 10 ft 131 0 9
- 7 ft 1 4 ft - 1 1 4 • ft 1 4 0 9 0 2 7 2 ft 17 1 - 2 0 6 ft ft 4 0 3 7 10 ft o a - 4
- a ft 1 1 9 - 0 ? ft ft 1 0 4 - 2 1 7 0 2 ft 9 0 - 3 7 2 9 ft 4 2 0 0 9 1 10 9 120 9 5
- f t ft 21 ft - 2 7 ? 0 ft 9 2  2 9 9 0 10 2 ft •0 - 4 7 4 ft f t 202 2 1 6 10 9 110 4 0
- a ft 3 1 ft - 3 3 ? ft ft 1 4 3 -111 1 f t •  1 - 7 0 9 4  ft 9 4 7 1 9 1 1 - 11 9 2 3 1 • 2 5 3
- 3 ft 4 9 9 - M l 0 f t H 2 2 4 9 - § 1  ft 201 • 2 9 1 7  ft 9 6 0 - 2 9 11 9 3 6 3 - 2 0 3
- 2 ft 4 9 12 0 f t • 7 - 9 9 * 3 1 f t 9 1 1? 0 f t f t 222 2 9 0 11 ft 2 7 9 • 2 3 3
-1 s 4 2 2 • 9 4 4 0 ft U O 1 7 2 -0 1  f t 2 0 9 - 2 3 6 - 1  4 ft 1 4 6 21 ft 11 ft 2 0 7 • 2 2 5
ft ft 41 • 9 1 • 0 1 S 211 220 - 2 3  ft 1 3 1 • 7 3  4 f t 122 1 1 3 - 3 - 1 1 6 2 7 6 196
1 ft 7 1 7 - 7 4 1 1 ft 1 73 -200 3  ft 1 4 9 - 3 3 ? f t  4 ft 6 9 6 4 - -11 4 2 4 2 2 4 2
s ft 4 4 4 - 9 0 2 1 f t 2 f t€ 3 7 1 1  f t 2 9 1 120 • 4  7 f t 2 9 7 - 3 4 9 -1 1 4 2 4 9 211
ft ft 4 f t2 221 • 4 1 ft i f t f t 711 ft 1  f t 9 4 4 -» 1 0 - 6  7 ft 3 3 3 - 3 3 4 3 - 1 1 6 17 0 141
ft ft 211 - 3 0 ? -1 1 ft 4 0 0 - 4 5 2 1 3  ft 2 4 0 7 2 ft 0 4 -1 1 0 - 4 -10 4 70 4 6
209
a  a 1 ia re I9K 9 ■ k 1930 1CK ■ B 4 1990 tore ■ 9 ft 1490 lo re a I  I 14 ro iare
M l ft «■ -192 -1 -ft 4 919 -994 •2 •2 4 277 222 t 4 99 -141 i 3 4 520 -05ftft ft M i -21ft 1 -ft 4 295 -•02 -1 -2 ft 99 -39 • 4 •  11 -•45 2 3 4 129 -2«a
ft -» ft 1ft3 -10 3 -ft 4 239 -339 • -2 4 1443 1752 9 4 •4 77 3 3 4 19ft -190
J  -9 ft 2M •23ft 5 •5 4 235 •325 1 •3 4 lift 155 4 4 243 -34 0 • 3 4 111 -192
1 *9 ft 22ft •2»ft 4 *5 4 47 14 2 •2 4 299 212 10 9 ft 194 -151 5 3 4 241 -399
1 *9 ft ftftl -21ft 1 -ft 4 U 3 -137 3 -2 4 •ft Iftft •3 1 ft •59 440 4 3 4 295 -151
1 '9 ft M l -321 -ft -ft 4 349 •249 • -3 4 449 443 -2 1 ft 9ft 202 7 3 4 41 -151
ft - t ft 224 •21ft -4 -ft 4 244 •247 5 •2 4 45 277 •  1 1 ft 999 901 9 3 4 43 - n a
1 -ft ft 120 - l if t -ft -ft 4 440 -447 ft -2 4 111 105 1 4 79 -•7 -9 ft 4 129 -1ft3
ft - • ft 144 -199 •2 -ft 4 55ft -535 9 -3 4 •4 44 1 ft 499 430 -4 ft 4 l«9 -1093 -a ft Iftft -31 -1 *4 4 19ft 147 -9 -1 4 7ft •94 1 4 131 -31 -5 ft 4 140 109
^ -a ft 17ft -1S9 9 -ft 4 941 -954 -ft -1 4 79 -107 1 ft •Oft 499 -ft ft ft 230 -255
i -» ft 122 125 2 -4 4 354 -304 -5 -1 4 249 -391 1 4 • 9 34 •2 ft 4 559 -540
i -a ft 110 •41 .4 -4 4 215 •254 -ft -1 4 54 •  1 1 4 144 iaa •  4 271 103
s -a ft Iftft -41 5 -a 4 U9 -140 -1 -1 4 237 -274 1 4 233 34ft 9 ft 4 190 -20ft
1 -7 ft 229 233 4 -« 4 Iftft -T24 -2 -1 4 112 -290 1 4 79 93 1 ft 4 21ft 141
ft -7 ft Iftft *91 *9 •3 4 197 iaa •  1 -1 4 49ft -721 • t 2 4 190 290 2 ft 4 72ft -717
ft -7 ft 129 -90 -7 -3 4 349 232 • -1 ft 119 70 -ft 2 4 91 301 a « ft 191 55
J -7 ft 22ft iaa -ft -3 ft 73 JO 1 -1 4 543 -•91 -9 2 4 44 -199 • •  4 52J -50ft
J -7 ft 1«2 M l •5 -J 4 215 247 3 -1 4 142 -15* •* 2 4 124 9«« 5 ft ft 20 5 lift
7 -7 ft 142 157 -4 -3 4 341 790 « •  1 ft 134 •149 -2 2 ft 444 •  3ft 4 ft 4 IftT -370
ft 110 9ft -3 -3 4 471 •4ft 5 -1 ft 393 -•03 • 1 2 4 142 -129 • ft 4 25ft -329
7 -ft ft 121 12* -2 -3 ft 44 -109 4 -1 4 90 -49 2 4 797 434 -2 5 4 130 -32-
ft -ft ft Iftft 159 -1 -3 4 371 350 7 -1 ft 133 •04 2 4 454 190 • 1 5 4 40 56
ft -ft ft m 119 1 -3 4 •91 390 • •1 ft 130 •1B9 2 4 119 -120 9 5 4 Oft -31
ft -ft ft 22ft Iftft J -3 4 243 357 -ft 0 4 94 -347 2 4 *44 5*1 1 5 4 139 172
3 -ft ft U l 15 3 5 -3 4 199 1fft •3 9 ft 99 47 2 4 270 379 3 5 4 24ft 230
ft -ft ft 221 143 4 -1 4 lift -127 -2 a ft •91 -519 2 4 139 -7? ft 5 4 271 104
ft -ft ft 12ft 5ft 7 -2 ft 154 144 -1 9 4 •fta •  2ft 2 4 139 225 5 5 4 Iftft 112
ft -ft ft •0 7ft 9 -2 4 97 140 0 9 4 •94 •99ft •5 3 4 40 • 197 7 5 4 111 10ft
7 -ft ft 1ft1 -Iftft -9 -2 4 193 19ft 1 9 4 •2ft -114 -3 J 4 99 -57 4 5 4 ia 15
ft -ft ft 249 -370 -4 -3 ft 192 179 2 0 4 1991- 1050 • 3 3 ft 49 -fti -9 4 4 n o 2M
ft -ft ft 94 93 -ft •3 ft 744 794 3 • ft 553 495 • 1 3 4 311 •295 •ft 4 4 225 241
3 -ft ft 17ft -231 -J -2 ft 994 -134 • 9 ft 77ft -742 3 4 93 100 ft ft 91 - la
ft ft ft 297 410 *5-10 7 199 151 -9 -5 7 90 9ft 7 144 •141 .2 9 7 250 235
2 ft ft 241 220 -2-10 7 23ft 233 -7 -5 7 135 -195 7 392 •321 1 9 7 271 •309
1 ft ft 122 24 • M l 7 177 139 -4 -5 7 120 1t9 -3 7 94 *«« 2 •  7 145 -17ft
ft ft ft §92 saa 1-10 7 193 199 -ft -5 7 lift 195 -3 7 123 74 3 4 7 244 -290
2 ft ft 119 243 2*10 7 143 149 -3 -5 7 201 -243 —3 7 259 •292 4 •  7 93 -13
ft ft ft 414 975 -2 *9 7 Uft •  ft •2 -5 7 151 197 -9 7 194 •4 5 •  7 392 -100
•  ft ft Tft •117 2 -9 7 137 112 -1 -5 7 lift -59 -1 -2 7 145 191 T 9 7 290 -147
ft ft ft 299 322 4 -9 7 72 191 • -5 7 217 291 •9 -2 7 199 141 -ft 1 7 257 •095
ft ft ft 221 295 -7 -9 7 219 -224 1 -5 7 13ft 217 -ft -2 7 329 129 -ft 1 7 392 -fti*
1 7 ft 142 99 -5 -ft 7 394 -399 3 -5 1 325 151 -9 -2 7 3*0 311 -3 1 7 130 •7
3 7 ft Ift2 42 -2 -ft t 394 -153 3 -4 7 91 77 - 1 -2 7 •49 392 1 7 13ft* 1340
ft 7 ft 49 -79 -2 -a 1 74 19 • -5 7 145 159 -2 7 •7 •290 1 7 290 -105
ft ft ft 17ft •23ft *1 - • 7 lift -449 ft -ft 7 M3 199 -2 7 371 319 • 1 7 441 -930
ft ft ft 224 *413 ft -ft 7 43 -29 7 -5 7 111 99 » •4 • 2 1 1 7 591 291
7 ft ft 210 -244 1 -c 7 •99 *371 - • -ft 7 13ft -43 •2 7 454 •27 2 1 7 1234 -1195
1 ft ft Iftft -9ft 3 - • 7 232 -3ft 1 -3  -• 7 7ft -33 —3 7 351 -111 3 1 7 149 -293
•  ft ft 479 -057 4 - • 7 997 53 -7 -ft 7 M3 •292 7 244 243 • 1 7 449 •475
1 ft ft lift -19 5 -ft 7 195 -147 -ft 7 111 *49 -2 7 110 —ft 1 4 1 7 •24 -4*5
2 ft ft 19ft *143 -9 -7 7 199 -115 - i -ft 7 349 -329 7 179 35ft 4 1 7 149 -223
ft ft ft 293 -271 -4 -7 7 991 -49 -1 •4 7 345 -34ft 1 92 74 -7 2 7 112 212
ft ft ft 113 -115 -3 -7 7 M l 94 -1  *• 7 49 *29 •0 -1 7 123 175 2 T 294 41ft
1 ft ft Iftft -<53 -1 -7 7 391 -149 -1 •4 7 149 -959 •7 —1 7 73 -101 •  3 2 7 294 32a
1 ft ft f t -44 1 -7 7 149 74 • •4 7 47 •44 -ft *1 7 319 15* 2 7 97 -191
•a t l ft 291 199 3 -7 7 la j -139 1 -ft 7 554 -999 •ft 7 •a •149 -1 2 7 597 51ft
2 ia ft 229 211 -7 -4 7 •4 117 3 -4 7 519 -954 -ft —1 7 929 312 1 2 7 294 195
ft ta ft 491 411 -5  -4 7 155 •2 • -ft 7 139 44 -2 —1 7 M l 429 3 2 7 117 Uft
2 io ft 222 392 -3 •4 7 •ft 175 t -4 7 399 -3*0 ■1 7 549 541 • 2 7 233 205
« ift ft 171 -329 -1 -4 7 372 212 4 -ft 7 75 -59 -1 7 •9 -03 4 3 7 49 114
ft ift ft Iftft 149 1 -ft 7 949 •11 7 -ft 7 321 •279 -1 7 322 222 9 2 7 99 91
2 11 ft 92 99 2 -4 7 191 •199 •9 -3 7 199 •174 •1 7 M l *19 3 7 157 220
>1 11 ft D 75 3 7 310 594 -ft -3 7 339 -132 -1 7 114 139 3 7 113 •51
*  11 ft 144 99ft 5 *4 7 917 919 - f t -3 7 113 -215 -7 4 7 114 -129 -ft 3 7 245 309
2 11 ft 97 91 4 •4 7 199 -42 -3 -3 7 133 394 - f t 9 7 143 -139 -3 3 7 79 211
V II 1 f t i 34 7 -4 7 119 391 -2 -3 7 933 -494 -1 4 7 944 •259 -4 3 7 •  19 421
210
1 ft ft Iftfft IftVC ft 1 1 1410 10PC ft 2 3 1990 19FC ft K 1 IftPO 147C ft 1 ft 1970 H f C
ft 9 12 •10ft ft ft 7 141 •202 -3-11 0 ft? -94 4 4 49 ••9 7 -3 1 242 -292ft V 4 9ft 493 •ft ft 9 99 140 -1-11 ■ 119 -124 *7 9 149 119 9 -3 4 111 -193
• ft 9 i n 499 •2 ft 9 219 4 1-11 ft 134 •122 4 153 193 -9 -2 4 72 491 ft 7 I K •Iftft •1 ft 9 341 279 -ft -t 4 H O 143 •1 9 471 114 •4 -2 4 1*5 -1022 ft 9 i n •7ft 1 ft 9 174 159 -3 -9 ft 194 1*2 -1 • 4*1 411 -ft -3 a ia* 11
J ft 9 9ft -99 2 4 9 101 124 -1 -9 4 145 225 1 9 494 449 -4 -2 • 19* -133
ft ft 9 494 421 J ft 9 121 240 1 -9 0 341 23* 2 9 122 32 -2 -2 9 sao -37ft
ft ft 9 191 -9ft ft ft 9 12* 132 3 -9 ft 23* 209 J 4 4*4 599 -1 -2 9 01 •0
ft J 9 •lift lift -9 9 7 ?* 11 ft -9 ft 195 221 ft « 3*5 300 9 -2 9 !*« •140
t 3 9 ft •94 H  9 9 199 141 -ft -ft ft 140 193 9 • 271 2*4 1 -2 4 53 14
• ft 9 141 lift -4 9 9 290 240 -1 -ft 0 •2 -105 • 104 -1S4 2 -2 • 40ft -*23
9 ft 9 ftft •2ft -3 9 9 120 29 9 -ft ft 100 242 -* • 121 1*0 3 -2 • 92 203*4 ft 9 •3ft ■2 9 7 454 459 1 -ft ft 49 47 • 149 -299 • -2 4 39* •323
ft 9 112•110 • t 9 494 42* ft -ft ft 103 44 • 221 192 * -2 • 103 -13*• ft ft 9 2tT 3ft 2 9 9 949 705 -9 •? 4 193 -200 •2 • 219 200 4 -2 • 13* - 17?•J • 9 3ft2 -390 4 7 7 374 310 *5 -9 ft 194 -334 0 9 527 39* -7 -1 4 14* liftft 9 199 •143 ft 9 7 143 131 -4 -9 ft 47 92 1 • 113 -93 -4 -1 • 17* «*
• ft 1 «1 -14ft 4 9 7 195 09 -3 -9 ft 100 -331 2 • 14* 225 -ft -1 • 15? 231
t ft 9 i n •41ft 1 ft 9 124 -132 -1 -9 4 •49 -312 3 • 90 44 -3 -1 • 41ft 390a ft 9 19ft -199 3 4 9 114 • 110 1 -9 ft 39 7 -21* * S 290 2*7 -2 -1 • 290 -312
ft ft 9 Iftft -99 9 4 9 7* -** 2 -? ft 53 11 ft • 40 -13* -1 -1 • 397 327
ft ft 9 124 -t20 9 *9 -33 3 -9 4 139 -119 * • 105 132 1 -1 • 4*3 431• ft 1 9 9ft -122 -2 9 7 194 -192 5 -9 4 11* -115 0 • 9* 124 3 -1 4 *93 52b• ft ft 9 i n -131 4 9 9 lift -94 -0 -* ft 91 -59 • 14* •133 4 -1 a 310 17*•ft ft 9 141 -314 2 9 7 212 -210 *5 —4 4 130 •0 -ft 4 1*3 -39? 5 -1 a 30* 33ft
ft 9 249 99 4 9 7 137 •12ft -3 -ft 4 149 -53 9 »9 • 41 7 -1 4 210 251•2 9 9 ft 2ft •12ft 4 9 9 193 -III -2 -* 9 192 -14* 4 •20 -3*5 9 -1 a 4* 153
• ft 9 •ftft -419 -4 10 9 42 94 •1 -ft ft 235 147 4 742 -404 -• 4 a 125 1021 ft 9 221 -fti •3 10 7 W O -49 ft -* ft 10* -107 0 • 107 14 •* 0 a 117 127
2 ft 9 ftft* •ftftO 0 10 9 *3 *4 1 -4 9 194 -1*9 1 4 755 -73* -ft 0 a 92 -93
ft ft 9 ftft 31 1 10 7 fti •35 2 -4 4 294 -213 2 ft 140 -59 -4 0 a *02 • 1*4 ft 9 ftftl -fti* -2 11 7 243 241 3 -* ft 149 114 3 ft 4*9 -*■? •I 0 a 95 •50
ft ft 9 197 •123 ft II 7 Uft 157 4 -ft 9 94 •95 4 4 133 -70 -2 0 a 393 -391
ft ft 9 Jftft ■34ft 2 11 7 2*7 253 ft -4 4 49 -50 5 4 •44 -544 9 0 a 454 *3*
2 ft ft 32ft •209 ft 49 -175 2 ft • 713 -419 4 1ft* 119 4 -ft 9 192 -95J 0 ft 2SS -2ft0 ft 141 190 3 4 9 249 -101 a) 9 171 194 -9 «4 9 210 2*9ft ft ft •99 ftftft *1 3 4 1 U 121 4 ft 9 •09 •359 9 121 3ft •5 -4 a • 39 39*
ft ft ft 221 2*4 2 3 ft 99 •9 4 4 ft 231 -24* a) 9 142 34* -4 -4 9 49 •71i ft ft 193 Iftft 1 3 ft 147 159 ft ft ft 222-235 9 33* 193 -3 •« 9 497 527•T 1 ft 91 -Iftft 9 3 ft 149 194 -1 7 • 92 74 1 9 •95 341 -2 -4 9 197 -431 ft 294 •2ftft -ft ft ft 9*9 173 -2 7 4 91 ft* J 9 111 114 -1 -4 9 02* 51*•ft 1 ft •ft Iftft -ft ft ft 199 19? -1 7 ft 130 •ft 1 9 209 144 1 -4 9 52* 492•ft 1 ft lift - 1 M • 452 •45 1 7 ft 95 •4 •ft 9 120 139 3 -• 9 331 3*1• 1 ft • M •4*3 -3 ft ft 149 44 1 7 ft 4* 44 9 212 147 4 -4 9 77 12*0 1 0 124 • 4 ft *12 421 4 9 0 179 -111 0 9 71 -29 ft *4 9 397 352
f ft •ftft •900 • 1 ft ft 119 ■141 9 9 ft 7? 44 4 9 49 -55 7 -4 9 IS? 2292 1 ft 91 94 9 ft ft 943 427 •4 9 ft 143 145 a7 9 11* -155 -4 -3 9 10ft 130ft 1 ft •«2 -392 2 4 ft 171 •43 -5 ft 4 190 91 *4 9 44 40 •7 -3 9 130 •125
ft 1 ft ftftl • M l ft 4 ft ftftl ■49 -4 9 ft 240 142 aft 9 119 •144 -4 -3 4 14* 1*5
ft 1 ft 133 309 ft 4 ft 7* ft? •2 9 ft 153 Jftft 9 145 -120 -5 -3 9 117 14ft? 9 ft 194 -Iftft ft 4 ft 3ft* 214 -1 0 ft 42 35 9 43 139 -4 -3 9 352 324
ft 1 ft 93 9ft ft 4 ft 142 123 ft 9 ft •ftft •59 -1 9 151 -149 -2 -3 9 3*» 24ft9 I ft lift •191 -ft ft ft 44 • 130 2 ■ ft 214 244 1 9 143 -4* 4 -3 9 •?ft *732 ft 22ft -323 •ft ft ft 73 25 « ft 9 27* 23? 2 9 99 24 2 -3 9 372 301■ft 2 ft 33ft -31ft -2 ft ft 119 -ft* -2 • • 47 -13 3 9 214 •215 • -3 9 2*4 297•ft 2 ft 91 4 -1 ft ft u * -200 1 9 ft 144 -41 • 9 43 *3 4 -3 9 145 142•ft 2 ft 9ft3 -944 ft ft ft 49 40 9 19 9 244 -2*1 ft f 190 -143 -* -2 9 100-1542 ft •49 •ftftl 1 ft ft 173 •211 2 1ft 4 H * -1*3 7 9 141 •225 -7 -2 9 20? -31*•1 2 ft 421 -21 1 ft ft 99 •44 1 19 ft 7* ft? aft 9 91 -95 -ft -2 4 • 12 -39*ft 2 ft 999 -912 4 ft ft 245 1*5 4 14 9 243 -2*1 -* 4 114 -1?? -4 -2 4 lift -401 2 ft 12ft -394 ft ft ft 134 -145 ft-11 9 91 -20 • J 9 14* 195 -3 -2 9 ftftl •5*12 2 ft 41ft -432 9 ft ft ft* •ft* 1-11 9 •9 ftft -2 9 130 -310 -2 -2 9 110 13*ft 2 ft 111 145 ft n i -194 -1-14 9 13* -143 a) 9 244 -115 -1 -2 9 4*0 -*22ft 2 ft I Q -443 -ft ft ft 12ft -340 •1-19 4 1ft* -149 4 9 17* -2*1 ft -2 9 49 -123ft 2 ft 242 -211 -2 • ft ftU -344 1-14 9 111-133 1 9 140 245 I -2 4 *34 •5*5ft 2 ft 119 -144 ft 92 29 1-14 9 197 -154 2 9 11? -2ft* 3 -2 9 49? -49*ft 2 ft Itt -149 ft ft ft 391 -ftftl • -9 9 •2 ft* 3 9 154 •129 ft -2 9 290 •292•7 J 9 •9 141 1 4 ft 114 -9 3 -9 9 111 •fti * 9 1*4 -94 7 -a 9 192 -19ft
211
■ ■ 9 9910 tore ■ C 3 1190 19FC ■ K 1 1990 MPC S ft I 1070 lore ■ B * ioro tor
9 "ft 9 9ft 1 0 2 9 1 • 430 394 9 307 2 0 2 9 ft 9 • 2 -43 •4 -* 10 119 9• 99 32 2 1 9 1134 1042 9 39* 333 1 ft 9 92 -9) -3 • 1 10 1 2 0 -K-ft - 1 « 272 -227 4 1 9 41* 394 9 334 2 0 2 • 4 9 9 174 177 - 1 -ft 10 412 -309 219 -291 * 1 9 1 1 0 43 9 107 14* - 2 9 9 172 1 0 * - 1 to 72 7-3 ~t 4 109 -114 4 1 9 420 4*4 9 120 123 0 9 9 0 0 49 •5 10 ftft* -42
1 007 -413 7 1 9 *7 109 -4 9 1 2 0 107 2 9 9 127 1 2 0 - * 10 41 1
• 999 -4*5 • 1 9 1 2 * 142 • f t 9 243 271 4 9 9 14ft 149 -ft 10 4*7 -3*ft 9ft 39 •7 2 9 149 -179 • J 9 1 00 -197 0 11 9 214 -109 -* 10 407 -ft*
2 -V ft 911 -474 - 2 2 9 2 1 2 •2*4 - 2 9 420 •ft* 1 11 9 • 1 •14 -5 10 7ft 79 2 0* •204 •j 2 9 40* •419 9 29* 204 3 11 9 3*0 -237 -ft 10 109 - 2 1ft - 1 ft 17 •4 2 9 *93 -*94 9 •»i •40 -2*10 10 49 • 3 aft •4 10 ftft - 1 2ft - 1 9 219 •271 1 2 9 9*0 •921 9 1 * 0 1 00 2- 10 10 77 -3* - f t 10 104 - 1ftft - 1 9 99 11 2 2 9 114 17 9 70 10 - * -9 10 179 -1*9 - 5 - « 10 133 10•ft § 9 1 2* 224 3 2 9 440 -40ft 9 229 2 1 0 - • -9 10 109 - 1 * 0 -ft -ft 10 193 •19•ft 9 9 10* - 1 1* * 2 9 294 -247 9 143 13* * 1 •9 10 325 •2 * 2 -3 •ft 10 97 - 0•S ft 9 203 2*9 7 2 9 MO-2 1 * •ft 9 1 * 0 24 1 -9 10 30* -243 -3 -ft 10 2 0 2 -IS•a f 9 1 1* -217 •  ft 3 • 109 -1*9 * 1 0 2 -TOO 3 -9 10 225 -237 - 1 -ft 10 320 1*-ft ft 9 392 420 -4 3 9 390 -34* • 2 9 241 7 •7 -7 70 1 01 107 •ft 10 337 • 2 2-3 ft 9 2 2 0 * 0 3 • 94 54 9 203 • 1 0 0 •4 *7 10 1 21 34 -ft ID 150 - 1 1
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2 94 3 i  
2 26 5 i  
3 5 7 ,
5 0 18 C a i L 
- 2 4 4 ( 2 7 1  
5 2 0 1 ( 3 9 )  
4 5 ( 4 3 )  
4971 ( 3 0 )  
- 7 1 2 ( 3 5 ;  
4 5 5 7 ( 4 7 ,  
4 0 3 ( 2 6  
4 6 5 6 ( 5 1  
9 7 ( 3 5 !  
5 5 4 4 ( 2 0 )  
6 4 5 ( 3 3 )  
5 8 3 5 ( 3 7 )  
2 0 7 ( 3 9 )  
5 4 4 6 ( 3 2 )  
8 1 5 2 ( 3 9 )  
2 6 7 4 ( 2 1 )  
2 3 8 2 ( 2 2 )  
2 0 6 6 ( 3 7 )  
2 0 6 9 ( 2 6 )  
2 7 9 5 ( 3 2 )  
2 1 6 3 ( 2 5 )  
7 2 7 5 ( 6 6 )
7 6 2 4 ( 4 )  
7 3 7 3 ( a )  
6 7 6 6 ( 1 5 )  
8 1 6 1 ( 1 4 )  
9 7 9 9 ( 1 4 )  
1 1 4 8 2 ( 1 5 )  
9 6 3 4 ( 2 2 )  
5 4 0 6 ( 3 6 )  
5 7 4 3 ( 2 4  
9 5 5 9  
8 0 9 5  
7 9 6 3  
7 24 6  
6 6 7 2  
1 07 9 8  
4 0 1 3  
4 4 6 5  
106 0 5  
6 3 1 3  
8 0 4 9  
6 7 2 5  
6 5 3 5  
5 1 5 4  
2 6 5 9  
7607
4 7 3 2  . t 
8 5 9 5 ( 2 2 )  
2 8 5 ( 2 8 )  
6 6 3 5 ( 2 1 )  
6 7 4 4 ( 5 6 )
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5 56 0  
- 6 0 0  
5 017  
38591  
1996  
2 9 2 8 ( 2 1  
2 7 4 3 ( 1 5 ]  
2 3 6 4 ( 2 0 !  
3 4 6 2 ( 2 2  
3 6 3 4 ( 1 6 '  
1 2 2 9 1 1 8 )  
1 4 6 3 ( 2 4 )  
1 6 3 6 ( 1 4 )  
3 1 5 0 ( 2 6 )  
3 0 2 2 ( 1 8 )  
2 0 8 5  10 
4 2 5 0 ( 1 7 )  
4 4 9 6 ( 1 9 )  
3 6 4 ( 2 0 )  
7 7 1 ( 1 6 )  - 2 6 2 ( 2 0 ) 
2 3 8 6 ( 1 1 )  
7 3 6 9 ( 1 1 )  
4 9 1 9 ( 1 9 )  
6 0 4 9 ( 1 3 )  
1 1 1 ( 1 6 )  
6 8 3 1 ( 1 3 )  
- 1 5 4 3 ( 3 4 )
U
m\)
4 5 ( 3 )
4 0 ( 3 )
4 3 ( 3 )
4 7 (3 )
1 0 ( 4 )
39 7
1 1 ( 4 )
3 5 ( 7
4 5 ( 7 )
1 8 ( 5 )
31 ( 6 )
4 5 ( 6
l e ia )  
9 0 ( 1 1 )  
4 2 ( 6 )  
4 ( 3 )  
37 ( 6 )  
4 7 ( 7 )  
5 3 ( 7 )  
3 3 ( 5 )  
7 4 ( B )  
2 0 ( 3 )  
2 5 ( 4 )  
6 7 ( 7 )  
3 4 ( 5 5  
51 ( 6 )  
3 3 ( 4 )  
1 4 4 ( 1 7 )
Table A .3 Atomic Coordinates and Isotropic Temperature Factors 
For Na2Ni(CN)4 *3H20
APPENDIX B
The science of x-ray crystallography has had a b r ie f , yet 
very exciting history. From the turn of the century when 
speculation centered around the exact physical nature of the 
newly discovered x-rays, to the many structural applications 
abounding today, development of the science has come quickly and 
impressively. The casual a ttitude  sometimes taken toward the 
single crystal x-ray d iffra c tio n  experiment simply points to the 
level of achievement attained in both the areas of theory and 
instrumentation.
I t  is the task of the crystallographer in "solving" a 
crystal structure, to determine the phases for the set of 
observed structure amplitudes, F0bs. This then defines the 
"phase problem" of x-ray crystallography, fo r these phases are 
experimentally inaccessible quantities. In the equation for the 
structure fa c to r: 1
F = [ f , e
j  J
a is  the unknown phase to be determined. Rewriting th is  
equation, expressing the phase in terms of the indices (hkl) of 
the refe lctions gives:
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where X j, y j ,  and Zj are the fractional coordinates 
of the j th atom in the unit c e l l ,  and f^  is the atomic scattering  
fac to r for atom j .2  Assigning the phases for various (hkl) 
reflections is therefore a process of determining the locations 
of the atoms in the crystallographic unit c e ll .  Fortunately the 
crystallographer has at his disposal two techinques for 
determining a unique set of phases, from the almost in f in ite  
number of p o s s ib ilit ie s , that w ill provide a correct solution to 
the crystal structure.
The f i r s t  of these methods was introduced by A.L. Patterson 
in 1935,3 anc[ -js known as the Patterson or Heavy Atom method.
Application of th is technique requires that the molecule contain 
an atom(s) that are s ig n ifican tly  larger than the remainder of 
the atoms in the structure. Since the structure factor is 
determined by the positions of the atoms in the unit c e ll ,  and 
the number of electrons they contain, location of the heavy atom 
provides a substantial contribution to the re flection  phases and 
often permits location of the remainder of the atoms by 
difference Fourier techniques. I t  was for th is  reason that 
brominations often were carried out on organic type molecules to 
provide the heavy atom for crystallographic investigations.
In 1948, Harker and Kasper^ published a report which 
would provide the foundation for a revolutionary approach to 
crystal structure analysis. In th e ir  report, Harker and Kasper 
point out the following relationship:
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l F h k /  < l F o o o l 2
While th is  is an apparently t r iv ia l  re su lt, the subtle 
consequences are keenly s ig n ifican t. The relationship is further 
developed to include aspects of symmetry, p a rticu la rly  the center 
of symmetry, which they demonstrate modifies the inequality to 
give:
Fhkl < Fooo H /2 F 000 *  1/ 2F2h ,2k ,21 ^
The significance of th is  development is that there is , in fa c t,  
phase information available from the experimentally measured 
structure amplitudes.
Continued theoretical developments fo r determining phases 
from observed structure amplitudes lead to the relationships5 
which is represented by the following equation:
*hkl *  * -h -k - l  + * 2h2k21
The e ffec t of th is  probability  relationship is that i f  the phase 
of some re flectio n  , which has a large magnitude, is 
po sitive , then the phase of the re flection  F2h ^  21 , also with a 
large magnitude, is "probably" also positive. Based on this  
re la tionsh ip , phase assignment can be made. This, however, is
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ju s t a special case of what is known as the Eg equation:®
s ( Fh k l ) *  s ( Fh ' k ' l , )  ‘ S(Fh - h , , k - k , , l - T )
The Eg equation states that the phase/sign of some reflection  
Fh k l* a 1ar9e magnitude, is "probably" equal to the products 
of the phases of other reflections with large magnitudes, whose 
indices add to give hkl. Thus, the phase of (F425) would depend 
on the phases of ( F400) and (F025) ,  (F314) and (FU 1 ) ,  (Fgg5) 
and (FgQQ), and a ll other pairs of reflections whose indices add 
to give 425. The degree of contribution that a pair of 
reflections make to the phase of the F^gg re flection  is 
determined by th e ir  magnitudes. I t  is often found that only a 
few pairs of re flec tio n s , sometimes only one, dominate the series 
of contributors and truncation of the sum occur a fte r a few 
terms, without serious consequences. I t  is therefore possible to 
apply these relationships to the observed F ^ ' s  and based on the 
number of relationships that are produced, successfully begin to 
assign phases.
The discussions so fa r  have been done using structure 
factors ( Fh k l)* However> normalized structure factors (E^kl^ 
are, in fa c t, used in these calculations and relationships. 
Normalized structure factors are generated from observed
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structure amplitudes according to:?
1 W 2
Ehkl o
where f-j is the atomic scattering factor fo r atom i ,  and 
is  an integer that takes on values other than 1 fo r  special 
classes of re flections according to space group symmetry. The 
advantages to using normalized structure factors over F's is that 
E's are not subject to the sin o/x dependence fo r th e ir  
magnitudes. Since the atomic scattering factors (f^ ) have been 
elim inated, E 's  are normalized and th e ir  magnitudes set on a 
common scale, no longer dependent on the value of 2© at which 
they occur. This has the important result that some reflections  
having small F's have large E values and may now partic ipate in 
Ê  and Eg relationships.
For non-centrosymmetric structures, where phase 
determination involves more than assigning a value of "+" or 
the phases are generated according to the tangent formula:®
tan 4>. ^ h ^
I |Ekl |Eh_kl sin(»k + «h.k)
1 lEkl |Eh-kl cos(tk + Vk>
The tangent formula is applied in the same manner as the Eg 
re la tions in that large E values are used, and the determined 
phases used to generate more E^, Eg relationships.
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This complete system of d irect phase determination rests on 
the fac t that a phase determined for E^-j w ill be the same for  
F ^ i . Recall that the phase of F ^  is determined by the 
positions of atoms in the unit c e l l ,  and that the experimentally 
determined F's are "phaseless" amplitudes. Thus, the phases 
depend on the choice of coordinate system used to locate the 
atoms in the unit c e ll .  While structure factor magnitudes are 
unaffected, redefining the coordinate system would completely 
change the phases of the F’s (E 's ) . I t  is therefore necessary to 
define the origin of the unit c e ll ,  and generate a ll of the 
phases (from z  ̂ and Eg relationships) based upon that origin  
d e fin itio n . Defining the origin usually involves assigning 
phases to three re flections . These phases then serve as the 
basis fo r generation of z  ̂ and Eg relationships. The theory and 
practice of orig in d e fin itio n  has been described by Hauptman and 
Karle,^ and many others.
I t  must be pointed out that while a great deal of the theory 
of D irect Methods had been developed in the la te  1940*s and early  
1950's i t  only became a viable method fo r structure determination 
with the advent of the computer. Application of the process of 
Direct Methods has been provided in a number of computer 
programs, the most popular being the MULTAN s e rie s .'^
While the processes of D irect Methods have provided the 
crystal lographer with an almost "black-box" approach to crystal 
structure analysis, i t  is often found that "non-computer"
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chemical and crystallographic decisions often must be made before 
reasonable results are obtained.
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